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DENGUE  ^ 

ITS  HISTORY,  EPIDEMIOLOGY,  MECHANISM  OF  TRANSMISSION,  ETIOL- 
OGY, CLINICAL  MANIFESTATIONS,  IMMUNITY,  AND  PREVENTION 

By  J.   F.   SiLBR 

Lieutenant   Colonel,  Medical  Corps,   United  States  Army;   Presidentf 
United  States  Army  Medical  Department  Research  Board 

Milton  W.  Hall 

Major,  Medical  Corps,  United  States  Army;  Member,  United  States  Army 
Medical  Department  Research  Board 

and 

A.  Parker  Hitchens 

Major,  Medical  Corps,  United  States  Army;  Member,  United  States  Army 
Medical  Department  Research  Board 

EIGHT  PLATES  AND  TWENTY  TEXT  FIGURES 

FOREWORD 

In  1922  the  Surgeon  General  of  the  United  States  Army  rec- 
ommended to  the  Secretary  of  War  that  a  Medical  Department 
Research  Board  be  organized  for  service  in  the  Philippine  Is- 
lands for  the  purpose  of  investigating  medical  problems.  The 
recommendation  was  carried  into  effect,  and  one  of  the  inves- 
tigations originally  contemplated  was  that  relating  to  the  etiology 
and  the  mechanism  of  transmission  of  dengue.     It  was  possible 

^From  the  laboratories  of  the  Bureau  of  Science  and  the  Sternberg 
General  Hospital,  United  States  Army,  Manila. 
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to  begin  this  investigation  in  the  early  part  of  1924,  and  the 
results  obtained  so  far  are  recorded  in  this  series  of  reports. 

The  objectives  originally  in  mind  at  the  beginning  of  the 
work  were  especially  the  identification,  if  possible,  of  the  spe- 
cific organism  of  dengue,  and  the  confirmation  or  refutation  of 
the  claim  advanced,  first  by  Graham,  and  later  supported  by 
Ashburn  and  Craig,  that  the  disease  was  transmitted  by  Culex 
mosquitoes.  No  significant  advances  have  been  made  to  date 
in  the  problem  of  specific  etiology;  but  the  second  objective 
has,  we  believe,  been  fully  attained  and  the  question  of  the 
relationship  of  Culex  to  dengue  settled.  The  observations  nec- 
essary to  this  result  led  us  into  a  more  detailed  study  of  the 
mosquito  transmission  of  the  disease  than  has  hitherto  been  pos- 
sible. The  conditions  under  which  the  patient  may  infect  the 
mosquito  and  those  under  which  the  infected  mosquito  may  again 
transmit  the  disease  to  man  have  been  investigated.  We  be- 
lieve that  these  details  are  of  value  not  only  for  dengue,  but 
also  for  yellow  fever,  in  as  much  as  they  parallel  so  completely 
the  known  facts  in  the  case  of  yellow  fever  on  the  points  that 
have  been  covered  in  the  experiments  in  transmission  of  that 
disease.  The  unique  opportunity  we  enjoyed  of  having  at 
hand  a  large  number  of  volunteers  with  whom  to  work  and  an 
ideal  mosquito-proof  ward  for  their  accommodation  encouraged 
us  to  go  beyond  the  original  plans  and  enabled  us  to  work  out, 
with  definiteness,  details  only  suggested  or  not  touched  upon  by 
previous  workers.  Thus,  in  addition  to  a  brief  report  con- 
cerning the  work  done  on  etiology  and  a  complete  presenta- 
tion of  our  results  in  transmission  by  mosquitoes,  studies  have 
been  made  of  the  epidemiology  of  dengue  and  its  prevalence 
among  military  personnel  serving  in  the  Philippine  Islands, 
of  the  character  and  duration  of  immunity  to  the  disease,  and 
of  the  clinical  characteristics  shown  by  the  group  of  experi- 
mental cases.  We  have  also  added  an  historical  review  of  the 
subject  of  dengue  and  a  section  on  prevention.  These,  with  a 
comprehensive  bibliography  of  the  subject,  form  a  whole  which 
we  hope  will  prove  of  value  to  future  students  of  dengue  as  a 
fairly  complete  resume  of  our  knowledge  at  this  time. 

While  some  of  our  work  has,  in  general,  followed  along  lines 
already  laid  down  by  others,  certain  results  may  be  considered 
of  sufficient  importance  to  be  emphasized  here,  either  because 
of  receiving  their  first  demonstration  in  our  work  or  because  of 
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their  relation  to  the  investigation  of  other  diseases.     Among 
these  are  the  following : 

The  exclusion  of  Culex  mosquitoes  from  consideration  as  vectors  of 
dengue. 

The  working  out  of  the  details  of  the  mechanism  of  transmission  by 
Aedes  Meigen. 

The  demonstration  of  the  very  complete  parallelism  in  the  mechanism 
of  transmission  of  dengue  and  of  yellow  fever. 

The  experimental  and  statistical  demonstration  of  the  transient  char- 
acter of  immunity  to  dengue,  the  outstanding  difference,  epidem- 
iologically,  between  dengue  and  yellow  fever. 

The  demonstration  of  the  probability  of  the  occurrence  of  short-lived 
abortive  cases  of  dengue,  even  without  fever. 

The  demonstration  of  the  variability  of  clinical  type  in  dengue  cases 
produced  by  the  same  strain  of  virus,  an  observation  that  has 
its  bearing  on  the  question  of  the  identity  or  diversity  of  the 
various  short-lived  fevers  prevalent  in  tropical  and  subtropical 
countries. 

The  application  of  statistical  methods  to  the  clinical  study  of  the 
disease  and  especially  of  the  leucocytes,  the  study  of  the  latter 
leading  to  certain  suggested  generalizations  with  regard  to  the 
relationship  between  total  leucocyte  counts  and  differential  counts 
that  may  prove  valuable  in  the  interpretation  of  such  counts  in 
other  diseases. 

The  working  out  of  technical  details  in  the  artificial  breeding  of 
mosquitoes,  especially  of  Aedes  and  of  Culex y  which  may  prove 
of  value  to  other  workers  along  similar  lines. 

These  points,  and  the  others  covered  by  our  work,  are  pre- 
sented in  the  following  order:  Historical  review,  transmission 
by  mosquitoes,  prevalence  and  distribution  among  military  per- 
s(5nnel  serving  in  the  Philippine  Islands,  etiology,  clinical  char- 
acteristics, prevention,  immunity,  bibliography,  and  appendices." 

In  organizing  the  work  a  definite  task  was  assigned  to  each 
member  of  the  board  and  he  became  responsible  for  the  for- 
mulation of  plans  in  detail  for  the  prosecution  of  the  partic- 
ular investigation  entrusted  to  him.  Prior  to  their  initiation, 
proposed  plans  were  submitted  to  all  members  of  the  board  and 
other  workers  closely  associated  therewith,  for  criticism  and 
elaboration. 

Lieutenant  Colonel  Siler,  president  of  the  board,  and  in 
general  charge  of  the  work,  personally  directed  the  investiga- 
tions relating  to  transmission  by  mosquitoes  and  prepared  the 
section   pertaining  to  prevalence   and  distribution   of  dengue 

'  The  appendices  will  be  included  in  the  reprint  of  this  report. 
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among  troops  in  the  Philippines  as  well  as  the  section  on  pre- 
vention; Major  Hall  had  charge  of  the  investigations  relative 
to  etiology  and,  in  collaboration  with  Maj.  P.  C.  Riley,  Medical 
Corps,  prepared  the  section  relating  to  the  clinical  charac- 
teristics of  dengue;  Major  Hitchens  prepared  the  section  con- 
stituting the  historical  review  and  the  bibliography  and  had 
charge  of  the  investigations  relating  to  immunity. 

Dr.  A.  W.  Sellards,  Harvard  Medical  School,  lieutenant  colo- 
nel. Medical  Reserve  Corps,  inactive,  was  doing  reasearch 
work  at  the  Bureau  of  Science  at  the  time  the  board  made 
these  investigations  and  advised  with  us  in  planning  the  exper- 
imental work.  He  also  studied  the  various  microorganisms 
found  in  the  viscera  of  normal  and  infected  Aedes  aegypti 
Linnaeus  (Stegomyia  fasciata  Fabricius)  in  a  search  for  a 
possible  etiological  agent. 

Mr.  W.  Schultze,  chief  of  the  entomological  section.  Bureau 
of  Science,  very  kindly  proffered  his  services  as  consulting 
entomologist  to  the  board,  and  Maj.  P.  C.  Riley,  Medical  Corps, 
of  the  Medical  Service,  Sternberg  General  Hospital,  United 
States  Army,  was  consulting  internist. 

In  addition  to  the  above-mentioned  consultants,  the  board  was 
fortunate  in  being  able  to  confer,  in  an  advisory  capacity,  with 
Col.  A.  E.  Truby,  surgeon,  Philippine  Department,  and  formerly 
chief  sanitary  officer,  Panama  Canal  Zone;  Dr.  Otto  Schobl, 
chief,  division  of  biology  and  serum  laboratory.  Bureau  of 
Science ;  and  Dr.  George  R.  Lacy,  of  the  International  Health 
Board. 

During  the  course  of  this  work,  the  board  has  occupied  lab- 
oratory space  in  the  Bureau  of  Science,  Manila,  an  arrange- 
ment that  has  been  of  great  value  to  us  by  reason  of  the  close 
contact  afforded  with  other  workers  along  similar  and  related 
lines  of  work.  We  wish  to  express  our  great  sense  of  obligation 
to  them  all  and  in  particular  to  Dr.  Wm.  H.  Brown,  director  of 
the  Bureau  of  Science,  whose  active  cooperation  has  made  easy 
for  us  many  things  that  might  otherwise  have  been  impossible 
of  accomplishment.  The  same  may  be  said  with  regard  to  the 
hearty  cooperation  of  the  successive  commanding  officers  of 
Sternberg  General  Hospital,  Lieut.  Col.  Charles  F.  Morse  and 
Lieut.  Col.  William  H.  Moncrief.  To  them  we  are  indebted  for 
the  opportunity  to  construct  and  maintain  the  mosquito-proof 
ward  for  our  experimental  subjects  as  well  as  for  active  support 
during  the  course  of  the  work. 
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In  reporting  some  of  the  work,  more  particularly  that  phase 
relating  to  breeding  and  handling  mosquitoes,  it  has  been  con- 
sidered desirable  to  recount  our  experiences  somewhat  in  detail 
in  the  hope  that  this  information  will  be  of  some  service  to 
workers  who  may  take  up  similar  investigative  work  in  the 
future. 

It  will  be  noted  that  the  mosquito-transmission  work  naturally 
divides  itself  into  two  very  definite  stages.  The  first  is  in  a 
way  purely  preliminary  and  deals  with  the  technic  adopted  for 
breeding  and  handling  mosquitoes  and  with  the  administrative 
details  connected  with  securing  volunteers  for  the  experimental 
infections.  The  time  and  the  energy  expended  upon  this  phase 
of  the  work  were  not  wasted,  for  it  is  possible  that  inadequate 
preparation  is  responsible  for  the  relative  failure  of  some  of  the 
previous  dengue  work.  So  well  had  every  contingency  been 
foreseen  that  when  the  second  phase  of  the  work  began,  that 
is,  the  transmission  experiments  themselves,  there  was  never 
the  slightest  interference  or  delay  due  to  lack  of  material  or 
personnel. 

Throughout  the  series  of  reports  we  have  used  the  terms 
Aedes  (Stegomyia)  aegypti  and  Culex  quinquefasciattts  as , 
specific  names  for  the  mosquitoes  with  which  we  experimented. 
It  is  to  be  understood  that  A,  aegypti  is  the  so-called  yellow- 
fever  mosquito,  most  widely  known  as  Stegomyia  fasciata, 
and  that  Culex  quinquefasciatus  is  the  one  that  is  commonly 
known  as  C.  fatigans  Wiedemann.  Complete  systematic  de- 
scriptions of  these  mosquitoes  are  included  in  the  Appendix. 

This  prefatory  note  would  be  incomplete  did  we  fail  to  ac- 
knowledge our  indebtedness  to  the  military  and  other  govern- 
mental authorities  whose  cooperation  and  interest  made  these 
investigations  possible.  We  are  especially  indebted  to  the  fol- 
lowing officials  for  support  and  cooperation  and  for  their 
willingness  to  place  at  our  disposal  all  facilities  at  their  command : 

Maj.  Gen.  George  W.  Read,  commanding  general,  Philippine 
Department;  Maj.  Gen.  James  H.  McRae,  commanding  general, 
Philippine  Department;  Col.  A.  E.  Truby,  surgeon,  Philippine 
Department;  Dr.  Wm.  H.  Brown,  director.  Bureau  of  Science; 
Mr.  W.  Schultze,  entomologist,  Bureau  of  Science;  Lieut.  Col. 
C.  F.  Morse  and  Lieut.  Col.  W.  H.  Moncrief,  commanding  officers, 
successively,  Sternberg  General  Hospital;  Brig,  Gen.  Campbell 
King,  commanding  officer.  Fort  Mills;  Col.  Willis  Uline,  com- 
manding   oflSicer,    Thirty-first    Infantry;    Lieut.    Col.    Wm.    B. 
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Wallace,  commanding  officer,  First  Battalion,  Fifteenth  Infantry ; 
Maj.  Charles  J.  Browne,  commanding  officer,  Camp  Nichols; 
Maj.  J.  T.  H.  O'Rear,  commanding  officer.  Sixtieth  Artillery 
Battalion,  Coast  Artillery  Corps;  and  Maj.  P.  C.  Riley,  assist- 
ant to  chief  of  Medical  Service,  Sternberg  General  Hospital. 

The  active  cooperation  and  support  rendered  us  by  Lieut.  Col. 
R.  H.  Pierson,  Lieut.  Col.  F.  H.  Bloomhart,  Capt.  L.  F.  Wright, 
Capt.  Wm.  E.  M.  Devers,  Capt.  S.  E.  Brov^n,  Capt.  J.  H.  Whiteley, 
and  Capt.  R.  Malcolm,  all  of  the  Medical  Corps,  in  securing 
volunteers  were  greatly  appreciated. 

Finally,  we  desire  to  make  of  record  our  appreciation  of  the 
devotion  to  duty,  intelligent  cooperation,  and  attention  to  de- 
tail manifested  by  the  nurses  and  the  technical  assistants  as- 
sociated with  us  in  the  investigations.  More  particularly  are 
our  thanks  due  to  Sergt.  Loverne  Laycock,  who  was  in  general 
charge  of  the  enlisted  men  of  the  detachment,  had  supervision 
over  the  property,  and  on  the  technical  side  acted  as  bacterio- 
logical assistant  in  the  many  attempts  to  identify  the  specific 
organism  of  the  disease;  and  to  Private  first  class  Jesse  F. 
Rhodes  (laboratory  specialist,  second  class),  in  general  charge 
of  breeding  and  handling  mosquitoes,  and  Private  first  class 
Bonifacio  Reyes  (laboratory  specialist,  third  class),  in  special 
charge  of  Aedes  aegypti  breeding,  both  of  whom  discharged 
their  exacting  duties  in  a  most  efficient  manner.  Many  thou- 
sands of  lab6ratory-bred  mosquitoes  were  used  in  the  trans- 
mission experiments,  and  that  adequate  supplies  were  available 
at  all  times  was  due  to  the  efficient  performance  of  duty  by 
these  two  men. 

Our  special  thanks  also  are  due  to  Second  Lieut.  Ruby  Nichols 
and  to  Second  Lieut.  Mildred  P.  Carter,  both  of  the  Army 
Nurse  Corps,  for  the  intelligent  grasp  of  detail  and  executive 
ability  exhibited  by  them  in  the  administration  of  the  special 
dengue  experimental  ward  at  the  Sternberg  General  Hospital. 

HISTORY  OF  DENGUE 

Dengue  is  an  acute  infectious  disease  transmitted  from  man 
to  man  by  the  mosquito  Aedes  aegypti  Linnseus.  Wherever 
conditions  for  the  continuous  breeding  of  this  mosquito  are 
favorable,  dengue  may  become  endemic  and,  when  it  is  introduced 
into  a  locality  where  conditions  are  temporarily  favorable,  or 
where  conditions  for  breeding  become  far  more  favorable  than 
usual,  dengue  may  become  epidemic.  The  other  two  factors 
that  determine  the  extent  of  epidemics  are  the  presence  and 
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number  of  cases  infective  to  Aedes  aegypti  and  the  number  of 
exposed  susceptible  individuals  in  the  community.  No  animal 
other  than  man  has  been  proved  to  be  susceptible  to  the  infection 
or  to  act  as  a  reservoir. 

The  onset  of  dengue  is  sudden  and  is  heralded  or  accom- 
panied by  headache;  pains  in  the  eyes,  muscles,  and  joints; 
flushing  of  the  face ;  lack  of  appetite  or  actual  loathing  of  food ; 
and  sometimes  by  nausea  and  vomiting.  In  the  course  of  the 
disease  there  are  typically  two  distinct  rashes,  but  these  are 
not  always  discoverable;  in  many  cases  the  fever  curve  shows 
two  definite  peaks — ^the  saddle-back  curve.  Relapses  are  not 
uncommon ;  convalescence  may  be  protracted,  and  there  may  be 
a  recurrence  after  a  short  interval.  The  period  of  immunity 
following  an  attack  is  therefore  exceedingly  variable  in  length, 
and  an  individual  may  have  several  attacks  in  the  course  of  a 
few  years.     Uncomplicated  dengue  is  rarely  fatal. 

NOMENCLATURE 

In  the  literature  we  find  many  names*  for  the  disease  known 
as  dengue,  and  many  attempts  have  been  made  to  construct 
a  derivation  for  the  word  dengue.  The  best  discussion  we  have 
seen  is  the  following,  which  is  quoted  from  Nothnagel  (pages 
720  and  721)  : 

Opinions  regarding  the  etymologic  origin  of  the  word  "dengue''  diverge 
considerably.  According  to  some  learned  investigations,  the  word  is  of 
old  Arabic  origin,  and  signifies  "asthenia"  (Vambery),  while  others  derive 
it  from  the  East  African  word  ''dinga*'  or  from  the  Indian  "dangue;** 
both  expressions  signify  "blow,"  and  perhaps  are  intended  to  designate  the 
sudden  onset  of  the  disease.  Probably,  however,  the  word  is  of  Spanish 
origin,  and  of  similar  significance  to  the  contemporaneous  expression 
"dandy  fever."  ("Dengue/*  prudishness,  affectation;  "denguero,**  affected; 
affected,  "dandy-like.")  Both  expressions  describe  the  peculiar  tortuous, 
affected  gait  which  the  patients  adopt  in  consequence  of  the  pain  and 
motor  disturbances  in  the  knees  and  ankles.  The  same  symptoms  are 
referred  to  in  the  names  "polka-fever"  (Brazil),  "pantomime  fever" 
(English  colonies).  From  these  pains  in  the  knee-joints  and  bones  dengue 
gets  the  names  "broken  wing,"  "breakbone  fever"  (America),  "knockel- 
koorts,"  ankle  fever  (Dutch  colonies),  ".abou-abous,"  "abou-rekabe,"  knee 
pain,  "pere  des  genoux,"  "des  massues"  (Arabia,  Syria,  Egypt,  Tripoli). 
On  account  of  the  great  and  protracted  weakness  which  follows  the 
disease  it  was  called  in  Philadelphia  "break-heart  fever;"  while,  on 
account  of  its  mildness,  it  obtained  the  name  "la  piadosa,"  "the  mild," 
in  Spain.  The  expression  "trancazo"  points  to  the  sudden  "apoplectiform" 
beginning  of  the  disease.  On  account  of  the  accompanying  exanthem 
dengue  received  the  designations:  "Fievre  rouge"  (Syria),  "calentura  roja," 
"rosalia,"    "Colorado,"    "giraffe,"    "bouquet"    (viz.,    mottled).     Its   regular 
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occurrence  at  the  time  of  the  date  harvest  gave  it  the  name  of  **date  fever" 
in  Port  Said  and  Arabia.  Very  characteristic  is  the  name  of  **three-day 
fever"  formerly  in  use  in  India. 

All  these  expressions  are  not  the  result  merely  of  a  play  of  words, 
and  they  point  to  very  significant  and  especially  to  historically  important 
characteristics  of  the  disease. 

It  has  also  been  known  by  the  following  names: 

Andancio;  Aboo-rikal  (Graham);  Abu-Rabaka;  Abu-Dobus  (Ben- 
ghasi) ;  Abu-ndefu;  Arthrodynia. 

Bucket;  Baridiyabis;  Bonon  (Sandwich  Islands). 

Coui)-de-barre. 

Dunga. 

Exanthesis  arthrosia;  Exanthesis  rosalia;  Epidemic  inflammatory 
fever;  Epidemic  eruptive  fever;  Eruptive  or  exanthematous  artic- 
ular fever;  Eruptive  rheumatic  fever;  Exanthematous  rheumatic 
fever. 

Fievre  courbaturale. 

Homa  Mguu. 

Inflammatory  fever  with  gastric  irritation. 

Knieiibel;  Kindinga  Peop  (Zanzibar). 

Mai  de  genoux. 

N'dagamonte;  N'rogai   (Senegambia). 

Pantomime;  Plantaria. 

Scarlatina  mitis;  Scarlatina  rheumatica;  South  Wind  Fever. 

Tok-kive-ana  (Burma). 

Zamparina. 

EARLY   HISTORY 

Yellow  fever  and  dengue, — Attention  has  been  repeatedly 
called  to  the  several  striking  points  of  similarity  between 
dengue  and  yellow  fever.  Noteworthy  among  the  contributions 
which  have  discussed  the  factors  in  which  the  two  diseases  are 
practically  identical  are  those  of  Craig  (1911,  1920).  This 
author  is  of  the  opinion  that  the  etiologic  agent  of  dengue, 
when  it  is  found,  will  prove  to  belong  to  the  same  group  as 
does  that  of  yellow  fever.  The  work  of  the  United  States 
Army  Medical  Department  Research  Board  has  brought  to  light 
the  fact  that  in  the  mechanism  of  their  transmission  also  the 
two  diseases  are  alike,  and  that  the  Aedes  aegypti  mosquito 
is  the  sole  transmitting  agent  for  both. 

This  means,  of  course,  that  in  their  history  these  two  dis- 
eases are  not  separable,  and  that  they  have  never  been  endemic 
in  regions  where  Aedes  aegypti  could  "not  propagate  contin- 
uously. 

The  transmitting  mosquito. — If  the  synonymy  given  by  Dyar 
(1922)  is  accepted,  we  have  as  the  earliest  description  of  the 
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transmitting  mosquito  that  given  by  Linnseus.  It  was  the 
sixth  species  of  mosquito  identified  up  to  that  time  and  he  called 
it  Culex  aegypti;  the  locality  was  Egypt,  and  the  date,  1762 
(Theobald,  1910,  page  617) .  Some  entomologists  still  prefer  the 
specific  name  fasciatus  given  to  it  by  Fabricius  in  1805;  the 
specimen  described  by  him  came  from  "Americae  Insulis/' 
The  mosquito  Culex  calopu^,  described  by  Meigen  (see  Dyar, 
1922)  in  1818,  came  from  Portugal.  In  any  case,  the  history 
of  the  first-mentioned  specific  name  (Linnseus,  1762)  goes 
back  only  about  one  and  a  half  centuries.  Subsequent  descrip- 
tions of  mosquitoes  now  considered  by  Dyar  (1922)  to  be  iden- 
tical have  been  based  on  specimens  collected  in  various  other 
parts  of  the  world.  Unless  the  mosquitoes  were  breeding  con- 
tinuously in  the  localities  in  question  they  could,  of  course,  have 
been  only  incidentally  in  the  places  where  they  were  discovered. 

The  synonyms  and  their  sources  have,  therefore,  by  them- 
selves little  value  in  helping  us  to  trace  the  zoogeographic  dis- 
tribution of  the  transmitting  agent  of  yellow  fever  and  dengue. 
For  the  history  of  the  mosquito  itself  there  are  no  other  repos- 
itories of  information. 

The  earliest  accurate  description  of  dengue  is  not  quite  as 
old  as  the  specific  name  of  the  transmitting  mosquito — aegypti 
(Linnseus,  1762) .  It  is  interesting  to  note  that  one  of  the  three 
epidemics  of  dengue,  which  occurred  almost  coincidently  in 
widely  separated  parts  of  the  globe,  prevailed  in  Cairo  and  its 
environs  in  1779,  seventeen  years  after  the  mosquito  was  found 
in  that  part  of  the  world  by  Linnseus.  The  other  two  accounts 
of  dengue,  which  are  referred  to  by  Hirsch  (1881),  were  those 
of  Bylon  ^  concerning  an  epidemic  in  1779  in  Batavia,  Java,  and 
of  Benjamin  Rush  (1818),  who  gave  an  account  of  the  epidemic 
in  the  summer  of  1780  in  Philadelphia. 

From  the  standpoint  of  the  early  history  of  the  disease  (that 
is,  of  its  origin  or  the  location  to  which  it  was  indigenous), 
these  references  give  us  no  help.  Yet  they  are  the  earliest 
accounts  of  dengue  that  we  possess. 

Only  an  entomologist  would  recognize  the  differences  among 
mosquitoes  and  their  habits,  and  Aedes  aegypti  had  traveled 
around  the  world  before  the  eyes  and  the  mind  of  Linnseus 
were  created. 

•Early  account  of  dengue,  Verhandel.  van  het  Batav.  Genootsch.  der 
Kunsten  en  Wetenschappen,  Deel  II.  Cited  by  de  Wilde,  Nederl.  Tijdschr. 
voor  Geneesk.  1873.     (References  in  Hirsch.) 
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Identification  of  dengue, — The  recognition  of  dengue  and  its 
differentiation  depended  upon  the  fortuitous  circumstance  of 
its  occurrence  in  localities  where  its  symptoms  were  unique, 
and  where  there  were  also  students  of  the  type  of  Benjamin 
Rush.  If  dengue  had  been  occurring  previously  in  localities 
where  other  conditions  of  somewhat  similar  symptomatology 
were  prevalent,  and  if  these  other  conditions  were  far  more 
severe  and  dramatic  and  deadly,  dengue  might  well  have  re- 
mained unrecognized  as  a  separate  entity;  or,  if  it  really  had 
been  recognized,  historians  might  have  failed  to  pick  it  out  had 
the  descriptions  been  less  clear  than  is  the  one  given  us  by 
Benjamin  Rush. 

May  it  not  be  possible  that  this  is  the  reason  clear  identi- 
fication of  dengue  was  forced  to  wait  until  the  three  factors 
necessary  for  its  propagation  were  carried  to  so  unusual  a  place 
as  Philadelphia^-a  place  where  nothing  similar  had  occurred 
before,  in  the  memory  of  anyone  then  living? 

It  certainly  went  to  Philadelphia  from  a  locality  where  there 
were  Aedes  mosquitoes,  and  the  most  likely  place  for  them  to 
be  in  association  with  such  a  disease  was  a  place  where  there 
also  was  yellow  fever.  If  this  be  true,  why  not  examine  the 
history  of  yellow  fever  to  see  if  in  the  annals  of  that  disease 
there  may  not  be  some  suggestion  which  will  give  us  suggestive 
evidence,  at  least,  concerning  the  early  history  of  dengue? 

Origin  of  yellow  fever. — In  its  geographical  distribution,  yel- 
low fever  has  been  confined  to  two  relatively  small  endemic 
foci;  one  is  about  the  Gulf  of  Mexico  and  the  Caribbean  Sea, 
the  other  the  northwestern  part  of  Africa.  The  earliest  travel 
between  these  two  points  of  which  we  know  anything  was  the 
first  voyage  of  Columbus  in  1492.  Though  it  is,  of  course,  pos- 
sible that  yellow  fever  may  have  existed  in  two  parts  of  the 
world,  separated  by  an  ocean,  before  human  communication 
between  the  two  points  existed,  it  is  more  reasonable  to  believe 
that  such  was  not  the  case.  In  discussing  this  question,  Howard, 
Dyar,  and  Knab  (1912,  1:  294,  295)  have  quoted  Marchoux 
and  Simond  (1905),  and  since  these  authors  discuss  the  ques- 
tion clearly,  it  seems  worth  while  to  repeat  their  statements 
here: 

It  has  been  much  discussed  whether  Christopher  Columbus  encountered 
yellow  fever  on  his  first  or  on  his  second  voyage.  But  whether  the  39 
men  left  by  the  admiral  in  Santo  Domingo  fell  victims  to  the  disease 
during  the  summer  or  after  the  battle  of  Vega-Real,  matters  little  for  the 
history  of  this  disease.    It  is  certain  that  it  existed  in  an  endemic  state 
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in  the  Antilles  and  along  the  coasts  of  the  Gulf  of  Mexico  before  the 
discovery  of  America.  It  is  equally  certain  that  if  the  Europeans  did 
not  bring  yellow  fever  to  the  New  Continent  they  are  the  ones  who,  from 
Central  America,  have  distributed  it  over  the  world.  There  were  amongst 
them  the  most  numerous  victims  and  the  new  towns  which  were  founded 
in  the  vast  territory  which  today  is  the  Republic  of  the  United  States 
had  to  suffer  attacks.  In  this  country  alone,  more  than  100  epidemics 
were  studied  at  different  points  and  at  different  times. 

From  New  Orleans  the  yellow  fever  spread  over  the  entire  lower  basin 
of  the  Mississippi  and  Missouri,  even  reaching  Gallipolis  [now  Pittsburgh] 
and  Cincinnati  on  the  Ohio.  One  can  say  that  it  touched  all  the  towns 
of  the  east  coast  from  Florida  to  the  northern  frontier,  and  even  to 
Quebec  in  Canada.  On  the  west  coast  it  has  been  seen  as  far  up  as  San 
Francisco.  New  York  was  attacked  for  the  first  time  in  1688  and  had  to 
suffer  some  twenty  great  epidemics.  The  yellow  fever  remained  in  an 
endemic  condition  from  1740  to  1860,  and  this  was  the  same  with  Phila- 
delphia, Charleston  and  New  Orleans.  All  the  towns  of  Louisiana,  Mobile, 
Pensacola,  Key  West,  St.  Augustine,  Savannah,  Baltimore,  Norfolk  and 
Boston  were  thus  greatly  tried.  In  fact,  according  to  what  is  known,  it  is 
in  the  United  States  that  the  yellow  fever  made  its  most  frequent  in- 
cursions. If  one  estimates  at  100,000  the  number  of  deaths  of  which  it  was 
the  cause,  one  certainly  remains  well  below  the  truth. 

In  South  America  it  rapidly  gained  the  Guianas  and  Brazil,  and  we  see 
it  there  from  1640.  The  coast  of  this  vast  country,  from  the  Amazons 
to  Rio  de  Janeiro,  constitutes  a  still  persisting  endemic  center.  From  there 
it  has  made  frequent  incursions  to  Santos,  and  sometimes  into  the  states 
to  the  southward,  Santa  Catharina,  Rio  Grande,  reaching  Montevideo  and 
Buenos  Ayres,  and,  going  up  the  rivers  of  the  La  Plata  to  Assumption 
in  Paraguay.  On  the  west  coast  it  has  spread  from  Panama  to  Peru 
and  even  to  Chili. 

Ships,  particularly  the  ships  loaded  with  sugar,  have  transported  this 
terrible  malady  to  Africa  where  we  find  it  in  the  Canaries  after  1701  and 
perhaps  even  after  1501.  Besides  the  Canaries  it  touched  Madeira,  the 
Cape  Verde  Islands,  Senegal,  Gambia,  the  Bisoagos,  Sierra  Leone,  the 
Ivory  Coast,  the  Gold  Coast,  Benin,  Fernando  Po,  the  mouth  of  the  Congo 
and  Angola  with  Saint  Paul  de  Loanda.  It  has  caused  several  epidemics 
in  the  island  of  Ascension  and  from  this  it  was  carried  to  St.  Helena,  but 
without  attacking  the  population  of  the  island.  At  this  day  it  persists 
as  an  endemic  center  in  the  Sudanese  region  comprised  between  the  Gold 
Coast,  the  Ivory  Coast,  the  upper  Senegal  and  the  upper  Niger. 

Howard  and  his  associates  have  also  quoted  Sir  Rupert  Boyce, 
who  believed  both  the  mosquitoes  and  the  disease  were  indige- 
nous to  America.     The  quotation  follows: 

There  is  every  reason  for  supposing  that  yellow  fever  is  one  of  the 
very  old  diseases  of  mankind  in  the  New  World.  It  is  stayed  [sic]  that 
it  was  known  to  the  Aztecs  under  the  name  of  matlazahualt  [sic],  and 
according  to  Humboldt  it  existed  as  early  as  the  eleventh  century. 

Amongst  old  Spanish  writers  who  refer  to  this  disease  may  be  mentioned 
Oviedo,  who  in  his  "Historia  General  de  las  Indias"  describes  the  great 
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mortality  among  the  followers  of  Columbus  in  1494.  This  mortality  he 
attributed  to  the  humidity  of  Santo  Domingo,  but  in  every  probability  it 
was  yellow  fever.  So  bad  were  the  reports  which  reached  Spain,  that 
Ferdinand  V.  had  to  send  out  300  convicts  to  the  island  as  there  were  no 
volunteers. 

Columbus  in  1498,  in  writing  to  the  King  of  Spain  upon  the  sickness 
of  his  men,  attributed  their  illness  to  "peculiarities  in  the  air  and  water" 
in  the  new  land.     No  doubt  the  peculiarity  was  the  mosquito. 

In  the  sixteenth  century  yellow  fever  is  said  to  have  decimated  the 
Mexicans.  But  the  first  authentic  history  of  an  epidemic  of  yellow  fever 
was  furnished  by  Jean  Ferreyra  de  Rosa  at  Olinda*  in  Brazil  in  the 
year  1687. 

Pere  Dutertre,  1635,  appears  to  have  been  the  first  to  furnish  details 
of  the  symptoms  and  progress  of  the  disease  in  the  West  Indies.  He  re- 
garded it  as  a  new  disease. 

Pere  Labat,  whose  name  is  well  known  in  connection  with  yellow  fever, 
found  on  landing  in  Martinique  in  the  year  1649,  the  disease  raging 
in  the  island,  the  monks  of  the  religious  order  stationed  there  being 
severely  afflicted.  The  learned  father  stated  that  the  disease  was  called 
"the  Maladie  de  Siam,"  because  in  Martinique  they  supposed  that  it  was 
imported  from  Siam  by  the  ship  Oriflamme,  As,  however,  this  ship  called 
at  Brazilian  ports  on  the  voyage,  it  is  much  more  probable  that  either 
the  crew  became  infected  there  or  that  infected  mosquitoes  were  carried 
away.  According  to  Bancroft  the  disease  existed  in  St.  Domingo  in  1731. 
Old  writers  upon  yellow  fever  frequently  refer  to  the  West  Coast  of 
Africa  as  being  the  original  source  of  the  disease. 

Thus  Dr.  Chisholm  believed  that  yellow  fever  was  first  introduced  into 
the  West  Indies  in  1793,  when  Grenada  became  infected  from  the  re- 
markable ship  Hankeyy  which  had  come  from  Bulam  in  West  Africa.  On 
account  of  this  supposed  origin  of  yellow  fever  it  is  sometimes  called 
Bulam  fever.  Evidence,  however,  points  the  other  way — that  in  fact  it 
was  a  very  prevalent  disease  in  the  New  World,  stretching  from  Mexico 
down  through  Central  America  to  Brazil.  Brazil  appears,  then,  to  have 
been  the  centre  from  which  it  radiated  out  to  the  West  Indies.  As  I 
have  stated  before,  the  early  Conquistadores  suffered  from  it,  the  Latin 
races  of  the  Old  World  being  therefore  the  first  to  make  its  acquaintance 
during  the  time  they  were  occupied  in  pushing  civilization  into  the  then 
newly  discovered  continent. 

In  Cuba  yellow  fever  was  probably  known  as  the  Pest  or  Epidemic 
of  Havana  as  early  as  1620.  The  first  authentic  description  of  the  black 
vomit  in  Havana  was  furnished  by  Dr.  Thomas  Romay  in  the  year  1761. 

In  the  beginning  of  the  eighteenth  century  the  disease,  from  its  ap- 
pearance in  various  parts  of  Spanish  America  under  the  name  of  vomito 
prietOy  attracted  much  attention,  and  it  is  particularly  referred  to  by 
the  historian  Ulloa,  who  resided  for  some  years  in  that  country.  The 
word  prieto  appears  to  be  the  Portuguese  or  nearly  obsolete  Spanish  term 
for  black.  In  Spanish  the  word  negro  is  now  universally  substituted. 
A  small  pamphlet  of  sixty-two  pages  by  a  Dr.  Gastelbondo,  written  at 
Carthagena  (S.  A.)  in  1753  and  printed  at  Madrid  in  1755,  was  probably 

*  Now  a  suburb  of  Perhambuco. — Editors.     [Howard,  Dyar,  and  Knab.] 
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the  first  work  ex  professo  on  the  black  vomit  as  it  appeared  in  South 
America.  He  gives  his  experience  of  the  disease  during  forty  years.  He 
says  on  the  title  page  that  he  is  about  to  write  about  a  disease  of  frequent 
occurrence  in  that  part  of  the  world,  mentions  change  of  climate  and  mode 
of  living  among  some  of  the  causes  of  the  disease  in  newcomers,  and  says 
that  the  natives  of  Carthagena,  Vera  Cruz,  etc.,  were  not  subject  to 
attacks  of  the  true  black  vomit  fever,  though  liable  to  the  "Chapetonada," 
a  disease  resembling  it  in  some  respects.  [Howard,  Dyar,  and  Knab,  1912, 
1:  295,  296.] 

One  author,  Goeldi  (quoted  by  Howard,  Dyar,  and  Knab, 
1912),  opposes  the  theory  that  America  is  the  original  home 
of  yellow  fever;  he  claims  that  it  was  of  African  origin  and 
was  imported  into  America  at  the  time  of  the  slave  trade. 
If  yellow  fever  had  existed  in  Africa  previous  to  the  discovery 
of  America,  there  must  have  been  some  record  of  it  in  the 
writings  of  earlier  explorers  of  Africa,  but  there  is  nothing 
to  support  such  a  statement. 

We  may  also  call  attention  to  the  statements  of  Marchoux 
and  Simond  (1905)  with  regard  to  their  observations  that  Aedes 
has  a  certain  repugnance  to  the  black  race,  and  the  natives 
of  Africa  would  therefore  scarcely  offer  the  most  favorable 
subjects  for  the  maintenance  and  spread  of  the  disease. 

Possibly  the  best  evidence  we  have  to  support  the  theory  that 
yellow  fever  existed  in  America  prior  to  the  coming  of  Co- 
lumbus is  furnished  by  Carlos  Finlay  (1912,  pages  212  and  213). 
His  account  of  the  manner  in  which  he  came  into  possession 
of  this  knowledge  should  be  told  only  in  his  own  words : 

In  the  course  of  the  past  year,  while  reading  a  philological  study  on 
the  names  of  "America"  and  "Yucatan,''  by  the  learned  Bishop  of  Yucatan, 
Dr.  Crescencis  Carrillo  y  Ancona,  the  writer  came  across  a  remarkable 
phrase  in  a  quotation  from  one  of  the  Chilam-Balam  books.  These  are 
older  calendars  or  chronicles  of  the  Yucatan  Indians,  written  in  the 
Maya  language  for  the  purpose  of  recording  the  principal  events  that 
affected  their  people.  The  Rev.  Bishop  Carrillo  is  known  to  possess  a  rare 
and  valuable  collection  of  those  books,  and  is  considered  an  authority  on 
that  important  philological  subject.  His  quotation  from  the  Chumayel 
manuscript  contained  the  following  words:  "There  was  black  vomit  which 
began  to  occasion  deaths  among  us  in  the  year  1648;"  a  statement  which 
immediately  suggested  the  idea  that  among  the  Indian  manuscripts  of 
Yucatan  might  be  found  the  evidence  that  was  wanted  to  prove  that  yellow 
fever  was  not  unknown  to  the  American  Indians  before  the  discovery. 
Accordingly,  in  the  month  of  March  of  the  present  year,  the  matter  was 
submitted  to  the  Rev.  Bishop  himself,  acquainting  him  with  the  state 
of  the  question  and  begging  for  information  on  the  following  points  :~ 

Whether,  among  the  Maya  documents  that  he  had  examined  or  in  the 
course  of  his  other  researches,  any  data  had  been  met  confirmatory  of  the 
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writer's  own  conjectures  or  throwing  light  on  the  subject  of  the  epidemics 
called  cocolitzle  which,  according  to  Herrera  (Decada  IV.,  Lib.  IX,  Cap. 
VI.),  used  to  attack  the  Mexican  Indians  on  the  coast  of  New  Spain  before 
the  arrival  of  the  Spaniards. 

In  answer  to  this  request,  the  Rev.  Bishop,  with  great  courtesy  and 
condescension,  has  written  a  most  interesting  and  instructive  letter,  con- 
taining a  full  discussion  of  the  subject  and  valuable  data  not  to  be  found 
in  our  current  literature. 

Finlay  then  gives  a  summary  of  the  letter,  in  question  and 
finally  quotes  the  Bishop's  own  words. 

Notwithstanding  that  from  this  statement  alone  of  the  "Chumayel 
manuscript"  I  infer  that  the  **vomito  negro"  was  known  to  the  indigenous 
historians,  though  new  to  the  Spaniards  of  Yucatan,  this  would  only 
constitute  a  conjecture,  more  or  less  grounded;  whereas,  what  is  required, 
as  you  say,  is  a  decisive  fact.  This  brings  us  to  the  essential  and  cul- 
minating point  of  the  present  letter. 

The  Maya  maniiscripts  that  I  possess,  like  all  the  sacred  books  of  the 
ancient  Yucatecos,  or  "Chilambalam  books"  as  they  are  vulgarly  known, 
have  precisely  for  their  principal  object  the  recording  of  chronological 
notes  concerning  their  feasts  to  their  gods,  wars,  pestilences,  famines,  and 
invasions  by  the  Spaniards.  They  are  chronicles  and  calendars.  I  there- 
fore proceed  to  examine  them,  more  particularly  in  such  parts  as  concord 
•  with  the  "Chumayel"  regarding  the  seventeenth  century  and  the  occurrence 
of  the  great  epidemic,  and  find  the  following  conclusive  statement  in 
the  "Tzimin  manuscript"  (which  I  have  so  named  because  it  proceeds  from 
the  Tzimin  Indians  (Tzimincah),  between  the  folios  16   (verso)  and  17: — 

**Can  ahau  u  buluc  cit  katun  cu  xocol  tu  Chichen  Ytza  u  hec  katun 
ulom  kuk,  ulom  Yaxum,  ulom  Ah  Kantenal,  ulom  xekik  tu  can  uac,  ulom 
kukulcan  tu  pach  ah  Ytzaob,  tu  canten  u  than  katun  uale." 

Spanish  version:  "En  el  4''  ahau  (ano  maya),  a  la  vuelta  de  un  katun 
(siglo  maya)  que  se  cuenta  hacia  9I  pozo  de  Chichenitza,  en  el  asiento  6 
colocacion  de  la  piedra  katun,  llegada  de  kuk,  llegada  de  Yaxum  (perso- 
najes  mitologicos  e  historicos  que  daban  su  nombre  a  las  epocas),  llegada  de 
Kantenal,  fue  la  llegada  del  vomito  negro  for  cuarta  vez,  llegada  de 
kukulcan  despues  de  los  Ytzaes,  en  la  cuarta  colocacion  y  significado  del 
katun." 

In  English:  "In  the  4th  ahau  (year  of  the  Mayas),  at  the  expiration  of 
a  katun  (their  century),  which  is  counted  towards  the  well  of  Chichenitza, 
at  the  placing  of  the  stone  katun,  arrival  of  Kuk,  arrival  of  Yaxum  (mytho- 
logical and  historical  characters  who  gave  their  names  to  the  epoch) ,  arrival 
of  Kantenal,  occurred  the  arrival  of  black  vomit  for  the  fourth  time, 
arrival  of  Kukulcan,  after  the  Ytzaes,  at  the  fourth  placing  and  signifi- 
cation of  the  katun." 

This  statement  throws  much  light  on  that  of  the  "Chumayel,"  for, 
in  speaking  of  the  same  epidemic  corresponding  to  the  year  1648,  it 
says  most  positively  that  it  tvas  the  fourth  time  that  it  had  visited  this 
country;  and  considering  that  since  the  discovery  in  1517  until  the  said 
year  1648  (in  which  the  epidemic  broke  out,  it  had  never  been  seen  by  the 
Spaniards,  it  must  follow  that  the  three  previous  invasions  had  occurred 
before  the  discovery.     [These  last  italics  ours.]      [pp.  216-217.]     *     *     ■'^ 


29,1-2  Slier,  Hall,  and  Hitchens:  Dengue  15 

The  fact  that  the  Indians  introduced  in  their  prognostics  of  evil  days 
the  threat  of  "vomiting  of  blood"  is  another  proof  that  the  disease  had 
been  well  known  to  them  since  a  long  time,  and  precisely  under  its  epi- 
demic form,  not  as  the  endemic  that  it  has  now  become,     [p.  219.] 

There  seems  to  be  no  reason  why  we  should  not  accept  the 
view  of  Finlay  and  of  the  Bishop  of  Yucatan  that  the  three 
epidemics  previous  to  the  year  1648  indicate  that  yellow  fever 
existed  there  prior  to  the  first  voyage  of  Columbus. 

The  question  then  arises,  Was  yellow  fever  present  at  that 
time  also  in  Africa?  Upon  this  point  Finlay  quotes  two  writers 
whose  opinions  seem  to  be  based  on  careful  research.  The 
following  is  quoted  from  pages  110  and  111  of  Finlay's  collected 
works : 

El  Dr.  D.  Antonio  Pons  y  Codinach,  en  su  "Tratado  complete"  dice: 
"Anteriormente  al  aiio  de  1495,  tres  anos  despues  del  descubrimiento  de 
Cristobal  Colon,  a  nadie  se  le  habia  ocurrido  dar  forma  nosologica  especial 
a  ninguna  de  las  observaciones  y  descripciones,  y  epidemias  de  los  autores 
griegos,  latinos,  arabes  6  de  epocas  posteriores.  Desde  la  citada  fecha, 
fueron  por  primera  vez  apareciendo  notas,  resenas,  historias  y  monografias, 
mas  6  menos  parecidas  las  unas  a  las  otras,  describiendo  una  plaga 
epidemica  no  conocida,  que  se  cebaba  en  cuantos  el  deber,  la  ambicion  6 
el  estudio  obligaban  a  cruzar  el  Atlantico,  en  demanda  de  las  nuevas  tierras 
occidentals;  sin  que  tampoco  nadie  formalmente  pensara  en  encontrar  asi- 
milacion  la  mas  minima  con  ninguna  de  las  afecciones  antes  conocidas;  y 
lo  mas  que  se  hizo  al  emprenderse  serios  estudios  sobre  esa  enfermedad 
nueva,  fue  colocarla  como  una  especie  nueva  y  distinta  en  el  genero 
Synochus,  peste,  fiebre  angiotenica,  tifus,  etc." 

Entre  los  autores  extranjeros  citaremos  al  Dr.  Joseph  Jones,  catedra- 
tico  de  la  Universidad  de  Louisiana,  quien  desde  largos  anos  viene  ocu- 
pandose  de  la  fiebre  amarilla.  En  una  Memoria  leida  en  la  AscTciaci6n 
medica  de  dicho  Estado  hace  el  referido  profesor  la  siguiente  afirmacion: 

"Despues  de  un  examen  critico  de  las  obras  de  Herodoto,  Estrabon, 
Justino,  Comelio  Nepote,  Eutropio,  Plutarco,  Tito  Livio,  Tucidides,  Homero, 
Salustio,  Virgilio,  Floro,  Veleyo  Paterculo,  Cesar,  Horacio,  Ciceron,  Jeno- 
fonte  y  Tacito,  no  hemos  podido  reconocer  la  enfermedad  llamada  hoy  fiebre 
amarilla,  en.  ninguna  de  las  descripciones  de  epidemias  particulares,  ni 
en  las  alusiones  a  ninguna  enfermedad  pestilencial.  Igualmente,  mientras 
que  en  los  escritos  de  la  edad  media  tenemos  descripciones  de  extensas  y 
mortiferas  epidemias,  entre  las  que  pueden  reconocerse  la  peste  glandular 
del  Oriente,  las  viruelas,  el  sarampion,  el  tifus,  la  fiebre  tifoidea,  la 
enfermedad  sudoral  (Sweating  sickness),  la  elefantiasis  6  lepra,  el.colera, 
la  disenteria  y  la  meningitis  cerebrospinal  la  fiehre  amarilla  no  figura  en 
esos  anales  de  la  historia  general  ni  en  los  de  medicina,  antes  del  des- 
cubrimiento de  la  America  por  Colon."  (Proceedings  of  the  Louisiana 
State  Medical  Association,  1879,  p.  54.) 

Translation:  Dr.  Antonio  Pons  Codinach,  in  his  "Tratado  Complete" 
says:  "Previous  to  the  year  1495,  three  years  after  the  discovery  by 
Christopher  Columbus,  it  had  occurred  to  no  one  to  give  special  nosolog- 
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ical  form  to  any  of  the  observations  and  descriptions,  and  epidemics  of 
the  Greek,  Roman,  or  Arabian  authors  or  those  of  later  epochs.  After 
that  date,  there  appeared  for  the  first  time,  notes,  descriptions,  histories 
and  monographs,  more  or  less  similar  to  one  another,  describing  an  un- 
known plague,  which  attacked  by  preference  those  whom  duty,  ambition 
or  study  forced  to  cross  the  Atlantic,  in  search  of  new  lands  in  the 
west;  without,  however,  anybody  seriously  thinking  of  encountering  any- 
thing in  the  least  similar  to  the  affections  already  known;  and  the  most 
that  was  done  in  undertaking  serious  studies  upon  this  new  disease,  was 
to  place  it  as  a  new  and  distinct  species,  under  the  generic  name  Synochus, 
pest,  "fiebre  angiotenica"  *   (continued  fever)  typhus,  etc." 

Among  the  foreign  authors  we  shall  cite  Dr.  Joseph  Jones,  a  professor 
in  the  University  of  Louisiana,  who  for  many  years  has  been  interesting 
himself  in  yellow  fever.  In  a  paper  read  at  a  meeting  of  the  medical 
Association  of  the  said  State,  the  professor  makes  the  following  statement: 

After  a  critical  examination  of  the  works  of  Herodotus,  Strabo,  Justi- 
nian, Cornelius  Nepote,  Eutropius,  Plutarch,  Titus  Livius,  Thucidides, 
Homer,  Sallust,  Virgil,  Florian,  Veleyo  Paterculo,  Caesar,  Horace,  Cicero, 
Jenofonte  and  Tacitus,  we  could  not  recognize  the  disease  now  called  yellow 
fever,  in  none  of  the  descriptions  of  definite  epidemics,  nor  in  the  allusions 
to  any  pestilential  disease.  Equally  while  in  the  writings  of  the  middle 
ages,  we  have  descriptions  of  extensive  deadly  epidemics,  among  which 
may  be  recognized  the  glandular  plague  of  the  Orient,  small  pox,  measles, 
typhus,  typhoid  fever,  sweating  sickness,  elephantiasis  or  leprosy,  cholera, 
dysentery,  and  cerebro-spinal  meningitis, — yellow  fever  does  not  figure  in 
those  annals  of  general  history  nor  in  those  of  medicine,  before  the  dis- 
covery of  America  by  Columbus. 

The  historical  information  we  have  been  able  to  obtain  there- 
fore all  indicates  that  yellow  fever  was  indigenous  to  those 
regions  of  America  whose  shores  are  bathed  by  the  Gulf  of 
Mexico  and  the  Caribbean  Sea. 

Origin  of  dengue, — If  yellow  fever  originated  in  this  part  of 
the  world,  then  some  locality  in  the  same  region  must  have  been 
an  early  home,  if  not  the  original  home,  of  the  mosquito  we 
now  call  Aedes  aegypti,  and  if  this  mosquito  was  prevalent  in 
that  neighborhood,  it  is  rather  more  than  likely  that  dengue 
was  also  prevalent.  Should  we  not  be  able  to  find  then  in  the 
references  that  seem  to  locate  the  place  of  origin  of  yellow 
fever  similar  information  concerning  dengue? 

The  first  indication  that  efforts  in  this  direction  might  be 
fruitful  was  the  word  chapetonada,  as  used  by  Sir  Rupert 

5  Name  which  Pinel  proposed  as  a  substitute  for  "fiebre  inflamatoria*'  of 
Huxbram  and  Stols,  "fiebre  sinoca**  of  Hoffman  and  Cullen  and  "febris 
continua  noa  putrida"  of  Boerhaave,  which  that  author  attributed  to 
irritation  and  tension  of  the  vessels. 
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Boyce  (quoted  by  Howard,  Dyar,  and  Knab,  1912).  This  word 
is  not  contained  in  any  of  the  English  dictionaries,  but  the 
French  and  Spanish  generally  define  it  as  an  ''acclimatization 
fever."  The  Spanish  Enciclopedia  Universal  Ilustrada  (1908) 
gives  more  detailed  information,  and  locates  the  condition  in 
Peru.    We  quote  the  following: 

Chapetonada — La  primera  enfermeda^  que  padecen  los  europeos  despues 
de  haber  llegado  al  Peru,  ocasionada  de  la  mudanza  del  clima. 

Translation, — The  first  illness  that  attacks  Europeans  after  arriving  in 
Peru,  caused  by  the  change  of  climate. 

It  is  entirely  evident  from  Boyce's  use  of  the  word  and  from 
the  definition  given  in  other  Spanish  dictionaries  that  chapeto- 
nada referred  to  the  acclimatization  fever  suffered  by  Europeans 
in  any  of  the  warmer  countries  of  South  America.  The  term 
could  scarcely  have'  meant  always  a  mild  form  of  yellow  fever, 
although  it  is  entirely  likely  that  it  did  at  times.  It  would 
scarcely  have  been  used  for  malaria,  because  the  symptoms  of 
that  disease  were  well  known.  None  of  the  intestinal  diseases 
would  be  likely  to  have  been  called  acclimatization  fevers ;  they 
would  have  been  given  names  more  descriptive  of  them.  Persons 
coming  to  Manila  from  regions  where  dengue  is  not  endemic 
usually  must  pass  through  an  acclimatization  fever,  and  that 
chapetonada  is  dengue. 

The  difficulties  in  the  way  of  picking  out  the  mild  disease 
dengue  from  the  midst  of  mild  attacks  of  the  severe  disease 
yellow  fever  are  well  illustrated  by  the  attitude  of  Boyce  in 
his  discussion  of  yellow  fever  in  Africa.  In  the  early  days,  as 
when  Boyce  visited  Africa,  mild  yellow  fever  was  all  too  often 
called  inflammatory  fever  or  bilious  remittent  fever,  and  the 
true  nature  of  the  beginning  epidemic  forced  it  to  be  recognized 
only  by  the  occurrence  of  true  black  vomit  or  death.  There  is  a 
parallel  that  troubles  us  equally  to-day :  sometimes  we  make  the 
diagnosis  "chicken  pox"  but  treat  the  illness  administratively 
as  "smallpox."  Of  the  actual  existence  of  the  mild  disease 
there  can  be  no  doubt  and,  although  we  cannot  agree  with  him 
altogether,  the  exact  words  of  Boyce  are  most  interesting  in 
our  present  discussion.     He  says,  on  pages  358  and  359: 

*  *  *  The  "inflammatory  fever"  of  the  West  Indies  has  been  long 
recognized  as  an  acclimatizing  seasoning  fever,  which  newcomers  were 
expected  to  get.  It  was  another  name  of  some  local  or  endemic  malady 
about  which  no  one  knew  anything  except  that  all  were  expected  to  get 
it,  at  one  time  or  another. 
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Bilious  Remittent  Fever, — This  fever  takes  the  place  in  West  Africa  of 
the  inflammatory  fever  of  the  West  Indies.  It  is  a  very  old  name,  and 
typified  the  ^'acclimatizing,"  "seasoning,"  or  "endemic"  fever  of  any 
locality  which  newcomers  were  expected  to  get.  Volumes  have  been  written 
upon  it.  Some  of  the  older  writers  held  that,  just  as  in  inflammatory  fever, 
it  could  pass  into  severe  yellow  fever;  others  held  that  it  was  a  specific 
entity;  others,  again,  that  bilious  remittent  fever  carried  from  one 
locality  could  burst  out  into  the  malignant  yellow  fever  on  arrival  in 
another  country.  All  these  doubts  and  theories  pointed  to  the  fact  that 
the  older  clinicians  were  observing  one  and  the  same  disease,  but  in 
different  types  of  severity.  From  investigations  of  careful  records  of 
outbreaks  of  yellow  fever  there  can  be  no  other  conclusion  than  that 
a  very  large  number  of  cases  of  genuine  yellow  fever  have  been  classed  as 
"bilious  remittent  fever." 

Basing  his  conclusions  upon  the  writings  of  the  older  Spanish 
authors  on  the  Americas,  Carlos  Finlay  gives  us  definite  infor- 
mation concerning  the  epidemic  diseases  which  afflicted  the  early 
settlers.  On  pages  132  and  133  of  his  collected  works  is  the 
following : 

El  ano  de  1648  una  terrible  pestilencia  ataco  las  Antillas  francesas 
de  San  Cristobal  y  de  Guadalupe,  colonizadas  por  esa  nacion:  en  1627  la 
primera,  y  en  1635  la  segunda.  Otras  enfermedades  habian  agoviado 
a  los  nuevos  colonos  desde  los  primeros  anos  de  su  venida  a  esas  islas, 
y  en  particular,  una  que  con  el  nombre  de  "Coup  de  barre''  describe  Du 
Tertre  y  que  ha  sido  generalmente  considerada  como  la  fiebre  amarilla. 
Pero,  a  la  verdad,  los  terminos  en  que  el  escrupuloso  misionero  frances 
menciona  ese  mal  no  parecen  referirse  a  una  enf ermedad  tan  mortifera  ni 
tan  desastrosa  como  la  fiebre  amarilla  epidemica;  y  el  mismo  Du  Tertre 
tiene  el  cuidado  de  advertir  que  la  peste  que  invadio  esas  islas  en  el  ano 
de  1648  era,  hasta  entonces,  desconocida  alii.  ^Podra  ser  que  ya  en 
aquellos  tiempos,  como  ha  resultado  despues  en  las  islas  de  Guadalupe  y 
Martinica,  existiese  una  fiebre  amarilla  benigna  (frusta),  la  fiebre  in- 
flamatoria  de  B.  Feraud,  que  alternara  con  explosiones  mas  6  menos 
espaciadas  de  fiebre  amarilla  maligna  6  epidemica? 

Translation. — In  the  year  1648  a  pestilence  attacked  the  French  Antilles 
of  San  Cristobal  and  Guadalupe,  colonized  by  this  nation:  in  1627  the 
first,  and  in  1635  the  second.  Other  diseases  afflicted  the  new  colonists 
from  the  first  years  of  their  coming  to  these  islands,  and  in  particular, 
one  of  them  which  was  described  by  Du  Tertre  with  the  name  **Coup  de 
barre^'  and  which  has  generally  been  considered  yellow  fever.  However, 
as  a  matter  of  fact,  the  terms  in  which  this  scrupulous  French  missionary 
mentions  this  disease  do  not  appear  to  refer  to  a  disease  so  fatal  or  so 
disastrous  as  epidemic  yellow  fever;  and  Du  Tertre  takes  care  to  add  that 
the  plague  which  invaded  these  islands  in  the  year  1648  was,  until  then, 
unknown  there. — May  it  be  that  at  that  time,  as  has  resulted  since  in 
the  islands  of  Guadalupe  and  Martinique,  there  existed  a  benign  (frusta) 
yellow  fever,  the  inflammatory  fever  of  B.  Feraud,  which  alternated  with 
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explosions  of  malignant   or   epidemic  yellow  fever   at  longer   or   shorter 
intervals? 

On  pages  138  and  139  this  information  is  further  extended 
as  follows: 

La  "fiebre  amarilla  epidemica,"  la  remitente  maligna  6  piitrida  de 
origen  paludeo,  la  fiebre  biliosa  inflamatoria  de  las  Antillas,  y  el  Mat- 
zahuatl — son  las  unicas  enfermedades  epidemicas,  endemicas  6  pseudo- 
epidemicas,  que  podrian,  quizas,  llenar  algunas  de  las  condiciones  que  he 
senalado  en  las  primeras  pestilencias  americanas.  Digo  que  no  conozco 
otras,  porque  no  tengo  que  ocuparme  de  las  fiebres  eruptivas,  que  fueron 
importados  probablemente  de  Europa  y,  en  todo  caso,  eran  bien  conocidas 
por  los  primeros  exploradores  espaiioles,  ni  tampoco  de  la  peste  bubonica 
ni  de  la  meningitjs  cerebro  espinal  epidemica,  que  jamas  han  sido  obser- 
vadas  hasta  ahora  en  la  America  tropical. 

El  Matzahuatl  ataca  principalmente  a  la  raza  cobriza,  no  a  los  europeos,  y 
tiene  su  asiento  de  predileccion  en  las  elevadas  mesetas  de  la  America 
Central  y  meridional  (v.  g.  la  capital  de  Mexico) ;  por  lo  tanto,  queda 
excluida  de  nuestra  consideracion. 

La  "fiebre  biliosa  inflamatoria  de  las  Antillas"  a  cuya  enfermedad 
Berenger  Feraud  fue  el  primero  que  asigno  un  lugar  apropiado  en  los 
cuadros  nosologicos  de  estas  regiones  amariligenas,  viene  d  ser  una 
"fiebre  amarilla  frusta,"  que,  a  pesar  del  sindrome,  a  veces  alarmante, 
que  la  acompana,  no  pasa  de  ser  una  enfermedad  de  Indole  esencialmente 
benigna;  quedando  ya  por  esta  sola  circunstancia,  excluida  de  entre  las 
que  pudieron  ocasionar  las  mortiferas  pestilencias  que  destruian  la  tercera 
parte  6  la  mitad  de  los  atacados,  y  causaban  la  muerte  del  tercero  al 
quinto  dia. 

La  fiebre  remitente  paludea,  maligna  6  piitrida,  existe  con  el  caracter 
de  endemia,  a  veces  formidable,  tanto  en  las  Antillas  y  otros  focos  amari- 
ligenos,  como  en  el  resto  de  las  Americas,  en  Europa,  en  Africa  y  en  el 
Asia,  particularmente  en  la  India  inglesa,  en  el  delta  del  Ganges,  donde 
jamas  se  ha  conocido  la  fiebre  amarilla.  Esta  ultima,  circunstancia  ha 
permitido  diferenciarla,  no  tan  solo  de  la  misma  fiebre  amarilla  si  que 
tambien  de  la  fiebre  inflamatoria  de  las  Antillas,  con  la  cual  suele  aun 
confundirse,  designandose  ambas  con  la  misma  diversidad  de  apelativos. 
Distinguese,  empero,  por  su  distinto  comportamiento  bajo  la  influencia 
de  la  quinina,  por  la  poca  tendencia  de  la  afeccion  paludea  a  ser  transpor- 
tada  por  las  vias  maritimas  y  por  no  transmitirse  de  los  enfermos  a  los 
sanos.  En  la  India  inglesa,  lejos  de  toda  influencia  amariligena,  suelen 
observarse,  sin  embargo,  casos  de  remitente  maligna  6  putrida,  prin- 
cipalmente en  los  europeos  cuando  llegan  atacados  del  escorbuto  antes  de 
recibir  la  intoxicacion  paludica,  que  ofrecen  un  cuadro  sintomatico  muy 
parecido  al  del  "vomito  negro"  de  las  Antillas.     *     *     * 

Translation. — "Epidemic  yellow  fever,"  the  malignant  or  putrid  re- 
mittent of  malarial  origin,  inflammatory  bilious  fever  of  the  Antilles,  and 
matzahuatl — are  the  only  epidemic,  endemic,  or  pseudo-epidemic  diseases 
which  could,  perhaps,  fulfill  some  of  the  conditions  which  I  mentioned, 
of   the    first   American   pestilences.     I    say   that   I    do   not   know    others, 
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because  I  do  not  have  to  occupy  myself  with  the  eruptive  fevers,  which 
were  probably  brought  from  Europe  and,  in  any  case,  were  well  known 
by  the  first  Spanish  explorers,  nor  with  the  bubonic  plague  nor  with 
epidemic  cerebro-spinal  meningitis,  which  have  never  been  observed  up 
to  the  present  in  tropical  America. 

The  matzahuatl  attacks  principally  the  copper-colored  race,  not  the 
Europeans,  and  has  its  seat  of  predilection  in  the  elevated  plateaus  of 
central  and  southern  America  (e.  g.,  the  capital  of  Mexico) ; — ^for  which 
reason  it  is  excluded  from  our  consideration. 

The  "inflammatory  bilious  fever  of  the  Antilles,"  to  which  disease 
Berenger  Feraud  was  the  first  to  assign  an  appropriate  place  in  the 
nosologic  tables  of  these  yellow-fever  regions,  seems  to  be  an  "abortive 
yellow  fever,"  which,  in  spite  of  the  syndrome,  at  times  alarming,  that 
accompanies  it,  is  no  more  than  a  disease  of  essentially  benign  nature; 
being  therefore  for  this  sole  reason  excluded  from  among  those  diseases 
which  could  occasion  the  deadly  pestilences  that  destroyed  a  third  or  a 
half  of  those  attacked,  and  caused  death  on  the  third  to  the  fifth  day. 

Remittent  malignant  or  putrid  malarial  fever  possesses  the  character 
of  an  endemic,  at -times  formidable,  as  well  in  the  Antilles  and  other  yellow 
fever  foci  as  in  the  rest  of  the  Americas,  in  Europe,  in  Africa,  and  in 
Asia, — particularly  in  British  India,  in  the  delta  of  the  Ganges,  where 
yellow  fever  has  never  been  known.  This  last  circumstance  has  per- 
mitted its  differentiation,  not  only  from  yellow  fever  itself,  but  also 
from  the  inflammatory  fever  of  the  Antilles  with  which  it  is  still  con- 
foxmded,  both  being  designated  by  the  same  diversity  of  names.  It  is 
distinguished,  however,  by  its  characteristic  behavior  under  the  influence 
of  quinine,  by  the  slight  tendency  of  the  malarial  affection  to  be  transported 
by  maritime  routes,  and  by  its  not  being  transmitted  from  the  sick  to  the 
well.  In  British  India,  far  from  all  yellow-fever  influence,  there  are 
observed,  however,  cases  of  malignant  or  putrid  remittent,  principally 
in  Europeans  when  they  arrive  with  scurvy  before  receiving  the  malarial 
intoxication,  which  offers  a  symptomatic  picture  very  similar  to  the  black 
vomit  of  the  Antilles. 

Among  the  conclusions  to  this  paper  is  the  following,  page  141 : 

6.**  En  fin,  queda  en  pie  la  sospecha  de  que  la  enfermedad  designada 
con  el  nombre  de  "coup  de  barre"  por  el  P.  Du  Tertre,  que  afligio  a  los 
primeros  colonos  franceses  desde  su  primera  ocupacion  de  las  Antillas 
menores,  no  fuese  la  "fiebre  amarilla  epidemica"  tal  como  alii  mismo  estallo 
en  1648,  sino  la  '^fiebre  inflamatoria"  6  "fiebre  amarilla  frusta**  que  aun 
suele  reinar  en  esas  islas  durante  los  intervales  que  median  entre  los 
periodos  epidemicos  de  fiebre  amarilla  verdadera. 

Translation, — Finally,  there  remains  the  suspicion  that  the  disease  des- 
ignated by  the  name  "coup  de  barre"  by  P.  Du  Tertre,  and  which 
afflicted  the  first  French  colonists  from  their  earliest  occupation  of  the 
Lesser  Antilles,  was  not  the  epidemic  yellow  fever  such  as  broke  out 
there  in  1648,  but  the  "inflammatory  fever"  or  "abortive  yellow  fever" 
which  still  reigns  in  those  islands  during  the  intervals  between  the 
epidemic  periods  of  true  yellow  fever. 
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In  ''coup  de  barre''  or  in  ''fiebre  amarilla  frusta''  we  undoubt- 
edly have  dengue.  Abortive  yellow  fever  or  inflammatory  bil- 
ious fever,  or  yellow  fever  without  the  striking  symptoms  of 
jaundice  and  black  vomit,  might  at  times  be  mild  yellow  fever, 
and  there  might  be  a  great  many  cases  of  it  during  an  epidemic 
of  yellow  fever;  but,  if  an  epidemic  of  this  condition  occurred 
between  epidemics  of  yellow  fever,  it  is  likely  that  it  was  some- 
thing else,  and  that  something  else  could  scarcely  have  been 
anything  but  dengue. 

We  believe  then  that  the  historical  evidence  we  have  found 
gives  us  good  ground  for  constructing  the  theory  that  dengue  as 
well  as  yellow  fever  originated  in  tropical  America. 

Evolution  of  the  viru^, — It  is  quite  natural  at  this  stage  of  our 
knowledge,  considering  the  great  similarity  between  dengue 
and  yellow  fever,  to  wonder  whether  or  not  they  had  in  the 
beginning  a  common  origin.  If  the  original  virus  was  like 
that  of  yellow  fever,  did  one  strain  of  it  become  weakened  by 
passage  through  persons  who  possessed  some  degree  of  immu- 
nity or  by  some  other  process  ?  Or  was  the  original  virus  weak, 
like  that  of  dengue,  and  did  one  strain  of  it  become  greatly 
increased  in  virulence,  possibly  through  attacking  successively 
a  large  series  of  persons  devoid  of  immunity?  Or  was  the 
change  possibly  a  sudden  one? 

Early  records  of  epidemics. — As  noted  above,  the  earliest 
accurate  accounts  of  dengue  concern  epidemics  in  widely  sep- 
arated parts  of  the  world  that  occurred  in  1779  and  1780. 
If  we  wish  to  take  a  critical  attitude  with  regard  to  the  identity 
of  the  diseases  then  described,  we  may  cite  the  recent  work  of 
Van  der  Velde  (1923)  and  of  Verwoort  (1923)  with  regard  to  a 
febrile  disease  which  they  have  described  as  occurring  in  Su- 
matra. Their  disease,  which  they  believe  to  be  different  from 
any  hitherto  described,  nevertheless  presents  some  points  of 
similarity  to  dengue.  It  is  a  fever  of  short  duration,  apparently 
accompanied  by  little  or  no  mortality.  The  type  and  degree 
of  the  fever  in  their  cases  present  little  that  is  distinctive ;  its 
usual  duration  is  from  four  to  seven  days;  it  is  usually  of  a 
continuous  or  a  remittent  type,  the  saddle-back  curve  appearing 
rather  infrequently.  As  in  dengue,  injection  of  the  eyes  is  an 
early  symptom,  but  the  exanthem  occurs  in  only  a  small  pro- 
portion of  the  cases.  Leucopenia  is  not  characteristic  of  their 
cases.     Further  points  in  which  their  cases  differ  from  the 
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usual  conception  of  dengue  are  the  large  proportion  of  cases 
showing  albuminuria  (60  to  80  per  cent)  and  the  frequent 
occurrence  of  bronchitis  and  of  splenic  enlargement.  Enlarge- 
ment of  the  lymph  nodes  is  very  exceptional.  They  have  iso- 
lated from  the  blood  of  a  representative  number  of  these  cases 
an  organism  which  they  described  as  indistinguishable  morpho- 
logically from  those  found  in  yellow  fever  and  in  infectious 
jaundice,  and  to  which  they  have  given  the  name  Leptospira 
pyrogenes. 

They  believe  that  their  disease,  "spirochaetosis  febrilis/'  is 
distinct  from  dengue.  Whether  it  is  indeed  ^a  clinical  entity 
or  whether  further  study  will  show  it  to  be  a  composite  clinical 
group  made  up  of  cases  of  infectious  jaundice,  dengue,  and 
possibly  other  fevers,  only  time  will  show.  They  report  icterus 
in  a  small  proportion  of  their  cases  and  have  isolated  their 
Leptospira  from  the  urine  of  some  patients.  The  clinical  char- 
acteristics given,  and  especially  the  fact  that  their  cases  seem 
to  have  been  drawn  exclusively  from  the  native  population, 
render  it  improbable  that  the  group  as  a  whole  should  be 
classed  as  dengue.  The  recognition  of  such  a  disease  as  they 
describe,  in  the  same  part  of  the  world  as  the  epidemic  originally 
described  by  Bylon,  permits  the  suggestion  that  Bylon's  cases 
may  have  been  of  the  same  character.  Bylon  said  the  symptoms 
were  almost  the  same  as  those  of  early  cases  of  plague,  the 
patients  complaining  of  headache,  lassitude,  and  pains  in  the 
joints,  but  that  they  were  rid  of  it  in  three  days,  and  there  were 
no  bad  consequences. 

The  disease  dlBScribed  by  Gaberti  as  existing  in  Cairo  in  1779 
possessed  certain  clinical  features  which  are  not  common  in 
present-day  dengue  epidemics.  He  mentions  chiefly  the  knee 
involvement  and  gives  as  a  name  for  this  condition  "knee- 
disease."  He  also  states  that  there  was  swelling  of  the  fingers 
and  that  the  pains  continued  for  more  than  a  month.  Stitt 
(191S)  is  of  the  opinion  that  the  sudden  onset  and  the  swelling 
would  seem  to  belong  to  relapsing  fever  as  much  as  to  dengue. 
Sandvdth  (Medical  Diseases  of  Egypt)  states  that  bone  pain, 
chiefly  of  the  knee,  is  the  symptom  of  which  Egyptian  natives 
with  relapsing  fever  most  frequently  complain. 

The  description  given  by  Benjamin  Rush  (1818)  of  the  Phil- 
adelphia epidemic  of  1780  is  not  susceptible  of  such  differences 
of  interpretation  as  are  these  accounts.  If  we  analyze  care- 
fully the  statements  of  Rush,  it  is  easy  to  see,  as  Stitt  points 
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out,  that  there  are  included  in  the  description  cases  of  typhoid 
fever  ("hemorrhage  from  the  bowels  about  the  eleventh  day") ; 
malaria  ("the  exacerbations  were  more  severe  every  other 
day")  ;  and  probably  dysentery  ("the  fever  was  sometimes 
accompanied  by  symptoms  of  dysentery").  Notwithstanding 
these  complicating  factors,  the  description  of  Rush  gives  us  a 
clear  picture  of  the  striking  and  characteristic  features  of  den- 
gue. The  following  is  quoted  from  Rush's  original  paper  (page 
239): 

July  and  August  were  uncommonly  warm.  The  mercury  stood  on  the 
6th  of  August  at  94|,  on  the  15th  of  the  same  month  at  95%  and  for 
several   days   afterwards   at   90°.     *     *     * 

The  moschetoes  were  uncommonly  numerous  during  the  autumn.  A 
certain  sign    (says  Dr.   Lind)    of  an  unwholesome  atmosphere. 

The  remitting  fever  made  its  first  appearance  in  July  and  August, 
but  the  symptoms  were  so  mild,  and  its  extent  so  confined,  that  it  excited 
no  apprehensions  of  its  subsequent  more  general  prevalence  throughout 
the  city. 

On  the  19th  of  August  the  air  became  suddenly  very  cool.  Many 
hundred  people  in  the  city  complained,  the  next  day,  of  different  de- 
grees of  indisposition,  from  a  sense  of  lassitude  to  a  fever  of  the 
remitting  type.  This  was  the  signal  of  the  epidemic.  The  weather  con- 
tinued cool  during  the  remaining  part  of  the  month,  and  during  the  whole 
month  of  September.  From  the  exposure  of  the  district  of  Southwark 
(which  is  often  distinguished  by  the  name  of  the  Hill)  to  the  south-west 
winde,  the  fever  made  its  first  appearance  in  that  appendage  of  the  city. 
Scarcely  a  family,  and  in  many  families,  scarcely  a  member  of  them, 
escaped  it.  From  the  Hill  it  gradually  traveled  along  the  second  street 
from  the  Delaware,  improperly  called  Front-street.  For  a  while  it  was 
confined  to  this  street  only,  after  it  entered  the  city,  and  hence  it  was 
called  by  some  people  the  Front-Street  fever.  It  gradually  spread 
through  other  parts  of  the  city,  but  with  very  different  degrees  of 
violence.     *     *     * 

All  ages  and  both  sexes  were  affected  by  this  fever.  Seven  of  the 
practitioners  of  physic  were  confined  by  it  nearly  at  the  same  time.  The 
city  during  the  prevalence  of  the  fever  was  filled  with  an  unusual  number 
of  strangers,  many  of  whom,  particularly  the  Friends  (whose  yearly 
meeting  was  held  in  the  month  of  September),  were  affected  by  it.  No 
other  febrile  disease  was  observed  during  this  time  in  the  city. 

This  fever  generally  came  on  with  rigor,  but  seldom  with  a  regular 
chilly  fit,  and  often  without  any  sensation  of  cold.  In  some  persons  it 
was  introduced  by  a  slight  sore  throat,  and  in  others  by  a  hoarseness 
which  was  mistaken  for  a  common  cold.  A  giddiness  in  the  head  was 
the  forerunner  of  the  disease  in  some  people.  This  giddiness  attacked 
so  suddenly,  as  to  produce,  in  several  instances,  a  faintness,  and  even 
symptoms  of  apoplexy.  It  was  remarkable  that  all  those  persons  who 
were  affected  in  this  violent  manner  recovered  in  two  or  three  days. 
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I  met  with  one  instance  of  this  fever  attacking  with  coma,  and  an- 
other with  convulsions,  and  with  many  instances,  in  which  it  was  in- 
troduced by  a  delirium. 

The  pains  which  accompanied  this  fever  were  exquisitely  severe  in 
the  head,  back,  and  limbs.  The  pains  in  the  head  were  sometimes  in  the 
back  parts  of  it,  and  at  other  times  they  occupied  only  the  eyeballs. 
In  some  people  the  pains  were  so  acute  in  their  backs  and  hips,  that  they 
could  not  lie  in  bed.  In  others,  the  pains  affected  the  neck  and  arms, 
so  as  to  produce  in  one  instance  a  difficulty  of  moving  the  fingers  of 
the  right  hand.  They  all  complained  more  or  less  of  a  soreness  in  the 
seats  of  these  pains,  particularly  when  they  occupied  the  head  and  eye- 
balls. A  few  complained  of  their  flesh  being  sore  to  the  touch,  in  every 
part  of  the  body.  From  these  circumstances,  the  disease  was  sometimes 
believed  to  be  a  rheumatism;  but  its  more  general  name  among  all  classes 
of  people  was,  the  break-hone  fever, 

I  met  with  one  case  of  pain  in  the  back,  and  another  of  an  acute 
ear-ache,  both  of  which  returned  periodically  every  night,  and  without  any 
fever. 

A  nausea  universally,  and  in  some  instances,  a  vomiting,  accompanied 
by  a  disagreeable  taste  in  the  mouth,  attended  this  fever.  The  bowels  were, 
in  most  cases  regular,  except  where  the  disease  fell  with  its  whole  force 
upon  them,  producing  a   dysentery.     *     *     * 

A  rash  often  appeared  on  the  third  and  fourth  days,  which  proved 
favourable.  This  rash  was  accompanied,  in  some  cases,  by  a  burning 
in  the  palms  of  the  hands,  and  soles  of  the  feet.  Many  people  at  this  time, 
who  were  not  confined  to  their  beds,  and  some  who  had  no  fever,  had 
an  efflorescence  on  their  skins.     *     *     * 

About  the  beginning  of  October  the  weather  became  cool,  accompanied 
by  rain  and  an  easterly  wind.  This  cool  and  wet  weather  continued  for 
four  days.  The  mercury  in  the  thermometer  fell  to  60%  and  fires  became 
agreeable.  From  this  time  the  fever  evidently  declined,  or  was  accompanied 
by  inflammatory  symptoms.     *     *     *     [pp,  231-235.] 

The  convalescence  from  this  disease  was  marked  by  a  number  of  ex- 
traordinary symptoms,  which  rendered  patients  the  subjects  of  medical 
attention  for  many  days  after  the  pulse  became  perfectly  regular,  and 
after  the  crisis  of  the  disease. 

A  bitter  taste  in  the  mouth,  accompanied  by  a  yellow  colour  on  the 
tongue,  continued  for  near  a  week. 

Most  of  those  who  recovered  complained  of  nausea,  and  a  total  want 
of  appetite.  A  faintness,  especially  upon  sitting  up  in  bed,  or  in  a 
chair,  followed  this  fever.  A  weakness  in  the  knees  was  universal.  I 
met  with  two  patients,  who  were  most  sensible  of  this  weakness  in  the 
right  knee.  An  inflammation  in  one  eye,  and  in  some  instances  in  both 
eyes,  occurred  in  several  patients  after  their  recovery. 

But  the  most  remarkable  symptom  of  the  convalescence  from  this 
fever,  was  an  uncommon  dejection  of  the  spirits.  I  attended  two  young 
ladies,  who  shed  tears  while  they  vented  their  complaints  of  their  sickness 
and  weakness.  One  of  them  very  aptly  proposed  to  me  to  change  the 
name  of  the  disease,  and  to  call  it,  in  its  present  stages,  instead  of 
the  break-bone  the  break-heart  fever. 
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In  discussing  the  treatment,  Rush  makes  one  statement  that 
seems  to  have  remained  unnoticed  by  those  who  have  written 
upon  the  history  of  dengue.     He  says,  on  page  236: 

I  discharged  the  bile  entirely  by  means  of  the  lenient  purges  that 
have  been  mentioned.  In  this  practice  I  had  the  example  of  Dr.  Cleghom, 
who  prescribed  purges  with  great  success  in  a  fever  of  the  same  kind  in 
Minorca,  with  that  which  has  been  described. 

In  a  footnote  the  name  of  this  fever  is  given  as  "The  tertiana 
interposita  remissione  tantum  of  Dr.  Cullen.'*  It  would  be  in- 
teresting to  learn  how  closely  this  remittent  tertian  resembles 
that  described  by  Rush.  Did  dengue  actually  exist  on  the  Island 
of  Minorca  previous  to  1780? 

Distyihution  of  dengue, — Subsequent  to  the  three  outbreaks 
we  have  been  discussing,  commonly  considered  the  earliest  re- 
corded in  the  history  of  dengue,  and  which,  we  wish  to  repeat, 
occurred  almost  simultaneously  in  widely  separated  parts  of 
the  globe,  epidemics  of  dengue  began  to  attract  general  attention. 
There  are  now  well-known  endemic  centers  throughout  the  Trop- 
ics where  the  conditions  for  the  continuous  breeding  of  Aedes 
aegypti  are  favorable. 

Compared  with  yellow  fever,  dengue  has  become  very  wide- 
spread, and  we  have  been  much  interested  in  attempting  to 
explain  this  rather  curious  difference.  It  is  not  difficult  to 
understand  how  Aedes  mosquitoes  can  be  carried  from  one  port 
to  another,  and  conditions  for  their  transportation  were  more 
favorable  in  the  early  days  than  they  are  to-day. 

Water  butts  were  not  always  well  protected,  and  occasional 
small  collections  of  water  on  wooden  sailing  vessels  were  the 
rule  rather  than  the  exception.  In  Public  Health  Reports 
(1904),  there  is  a  report  of  an  ''Epidemic  of  dengue  in  the 
Territory  of  Hawaii  during  1903,"  which  was  reported  by  As- 
sistant Surgeon  Wilson,  at  Honolulu,  in  part  as  follows: 

During  the  late  summer  of  1902  dengue  was  reported  in  Shanghai 
and  other  Chinese  ports  frequented  by  steamers  calling  at  Honolulu, 
Hawaii.  Two  or  three  of  the  regular  passenger  liners,  on  arriving  at 
Honolulu  from  the  Orient  at  this  time,  reported  having  had  a  few  cases 
of  the  disease  soon  after  leaving  Chinese  ports.  One  of  these  vessels  in 
particular,  the  steamship  Doric ,  arrived  September  11,  having  had  on 
the  voyage  12  cases  of  dengue,  as  reported  by  the  ship's  surgeon.  One  of 
these  cases  had  the  attack  a  few  days  before  reaching  Honolulu,  but  on 
his  arrival  had  neither  fever  nor  rash.  This  vessel  was  twenty-three 
days  from  Hongkong,  a  few  days  less  from  Shanghai,  and  ten  days  from 
Yokohama. 
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The  first  cases  of  dengue  recognized  as  such  in  the  Hawaiian  Islands 
occurred  in  Honolulu  about  the  1st  of  January,  1903.  For  several  weeks 
previously,  however,  cases  of  doubtful  measles  and  scarlet  fever  had 
been  treated  by  physicians.  From  all  that  can  be  ascertained  of  the 
situation,  and  the  writer  was  in  Honolulu  during  all  the  time,  it  is  very 
likely  that  several  cases  of  dengue  occurred  sufficient  to  act  as  a  link 
between  cases,  convalescent  or  mild,  arriving  from  the  Orient  during  the 
autumn  of  1902  and  undoubted  dengue  cases  first  reported  early  in  January, 
1903.  This  opinion  is  further  borne  out  by  the  fact  that  quite  a  number, 
if  not  a  majority,  of  the  physicians  of  Honolulu  had  never  seen  dengue 
and  in  addition  were  not  on  the  lookout  for  it,  principally  because  dengue 
recognized  as  such  had  never  been  known  in  the  Hawaiian  Islands.  How- 
ever this  may  be,  suffice  it  to  say  that  dengue  in  the  islands  was  first 
reported  from  Honolulu  early  in  January,  1903,  and  two  or  three  months 
thereafter  had  been  reported  by  government  physicians  from  all  the 
other  islands  of  the  group.  During  April  and  May  the  epidemic  appeared 
to  have  reached  its  maximum  in  Honolulu  and  has  been  gradually  waning 
since  until  at  present,  December  1,  1903,  only  an  occasional  case  is 
reported,     [pp.  67-68.] 

After  a  voyage  requiring  several  weeks  a  vessel  would  be 
rather  likely  to  reach  port  free  from  yellow  fever,  because  this 
disease  either  destroys  its  victims  without  delay  or  the  patients 
recover  and  are  immune.  Furthermore,  patients  with  yellow 
fever  are  less  likely  to  move  about  than  are  those  with  dengue, 
since  from  10  to  20  per  cent,  or  possibly  more,  of  the  persons 
who  have  dengue  do  not  permit  it  to  interrupt  their  regular 
routine,  and  thereby  may  infect  an  enormous  number  of  mos- 
quitoes. This,  of  course,  is  not  the  case  with  yellow  fever,  and 
such  difference  alone  accounts  for  the  more  rapid  spread  of 
dengue  and  the  greater  number  of  cases  within  a  given  time 
in  an  epidemic. 

Another  peculiarity  of  dengue  favorable  to  its  maintenance 
during  long  voyages  is  its  tendency  to  relapse  and  the  fact  that 
persons  may  have  second  and  third  attacks  within  a  relatively 
short  period. 

Epidemics. — Many  writers  have  catalogued  and  discussed  the 
important  epidemics  of  dengue,  but  nowhere  have  we  found  a 
more  interesting  account  than  in  Nothnagel  (1905,  pages  721  to 
723),  from  which  the  following  is  quoted: 

1779-1800: 

The  first  reports  concerning  dengue  originate  from  the  year  1779, 
during  which  it  was  observed  at  Java  (Batavia),  and  about  the 
same  time  at  Cairo  and  Alexandria.  During  the  years  following, 
the  reports  of  epidemic  outbreaks  accumulated.  The  disease  prevailed 
in  1780  upon  the  coasts  of  Coromandel,  of  Arabia,  and  Persia. 
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Even  at  that  time  the  disease  made  an  isolated  excursion  over 
the  subtropical  zone,  and  during  the  hot  summer  of  1780  broke  out 
suddenly  in  Philadelphia  (40°  N.  Lat.). 

During  the  year  1784  it  appeared  for  the  first  time  in  Europe 
with  epidemic  outbreaks  in  Cadiz  (36.5°  N.  Lat.)  and  Seville  (37.5° 
N.  Lat.).  Most  probably  the  disease  was  carried  thither  by  troop- 
ships which  came  from  the  West  Indies.  A  second  epidemic  broke 
out  in  Cadiz  in  1788.  At  the  end  of  the  previous  century  dengue 
was  reported  from  Grenada  (Lesser  Antilles). 
1818: 

Epidemic  in  Lima   (Peru). 
1824-1828: 

With  the  years  1824-1825  a  geographically  extensive  period  of 
dengue  begins,  which  gradually  spread  over  a  great  portion  of  the 
tropical  and  subtropical  zone. 

In  the  years  1826-1828  dengue  spread  itself  in  extensive  epidemics 
over  the  greater  portion  of  West  India,  the  Virginian  Isles,  and  the 
Greater   and   Lesser  Antilles    (Havana,   1826;    St.   Thomas,   1827). 

From  here  numerous  coast  towns  of  Central  America  and  of  the 
most  southern  portion  of  North  America  and  the  most  northern 
portion  of  South  America  were  attacked  (Havana,  Charleston,  New 
Orleans,  Vera  Cruz,  the  coast  of  Florida,  and  Venezuela).  Isolated 
cases  are  alleged  to  have  been  observed  at  that  time  in  New  York  and 
Boston,  and  notably  again  in  Philadelphia,  among  the  crew  of  a  ship 
coming  from  Cuba. 
1830-1870: 

During  these  four  decades  dengue  is  met  with  in  large  and  small 
epidemics  at  numerous  places  in  its  tropical  and  subtropical  area 
of  distribution.     The  principal  sites  of  the  disease  were: 

Numerous  coast  towns  of  India    (1830,  1835-1836,   1844-1847, 
1853-1854). 

Tahiti  and  other  South  Sea  Islands   (1852-1853). 
The  coast  of  Arabia  and  northern  Egypt    (Alexandriia,  Cairo, 
Port  Said).     The  principal  epidemic  years  here  were  1835-1836, 
1845,  1868. 
Furthermore : 

Tripoli  (1856),  Cyprus,  and  Syria  (1861). 

Reunion  (1851),  Zanzibar  and  Madagascar  (1864),  Senegambia 
and  Greece   (1845-1848,  1856,  1865),  the  Canary  Islands   (1856). 
Numerous  West  Indian  Islands   (1860-1863). 
Central  America,  especially  New  Orleans,  Savannah,  Charles- 
ton,   Iberville,   New   Iberia,    Georgia    and    Louisiana,   Mobile,   the 
coast  of  Texas  and  Ohio   (1839,  1844,  1848,  1850). 

South  America,  Peru  (1852),  and  Rio  de  Janeiro  (1846-1848). 
In  Europe:  Cadiz  (1863,  1867). 
Two  facts  stand  out  during  this  period  in  the  geographic  dis- 
tribution of  dengue.  To  begin  with,  its  first  important  appearance  in 
South  America,  namely,  in  Rio  de  Janeiro,  where  from  1846-1848 
the  disease  prevailed  yearly  **on  water  and  on  land"  during  the  hot 
season    (December   and   January),    and  each   time   with   considerable 
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severity.  Secondly  is  to  be  noticed  that,  during  this  period,  Europe 
was  twice  attacked,  and,  as  on  the  previous  occasions  of  1784,  so 
too  in  1863  and  1867,  the  harbor  city  of  Cadiz  in  southern  Spain  be- 
came the  center  of  an  epidemic,  which  in  both  instances  was  brought 
in  by  troops  returning  from  West  India,  the  home  of  dengue.  From 
Cadiz  the  disease  spread  to  Xeres,  Seville,  and  a  few  other  cities 
of  Andalusia,  but  .the  north  remained  exempt;  in  fact,  in  Spain,  as 
a  whole,  the  disease  remained  insignificant. 
1871-1873: 

A  very  extensive  outbreak  of  dengue  occurred  in  the  years  1871- 
1873,  when  it  appeared  first  on  the  East  African  coast  (Zanzibar), 
then  on  the  Arabian  coast  (Aden,  Jiddah,  Mecca,  Medina,  and  Tan- 
yef),  and  in  Port  Said.  From  here  it  was  carried  by  an  emigrant 
steamer  to  Java,  from  Aden  by  a  troop-ship  direct  to  Bombay,  Kana- 
nur,  and  Calcutta.  Following  on  this  it  spread  through  the  countries 
of  the  Indian  Ocean,  Hindustan,  especially  in  Calcutta  and  Madras, 
Rangoon,  China,  Formosa,  Java,  Celebes,  and  Sumatra.  The  last 
appearances  in  this  important  epidemic  period  occurred  on  the  Persian 
coast,  in  the  islands  of  Mauritius  and  Reunion,  situated  on  the  coast 
of  eastern  Africa,  and,  furthermore,  in  Tripoli  and  Senegambia.  In 
the  same  year,  1873,  epidemics  took  place  in  the  southern  portion 
of  North  America  bordering  on  the  Gulf  of  Mexico,  Louisiana, 
Alabama,  etc. 
187e-1888: 

During  the  year  1876  there  was  an  epidemic  in  Hongkong.  During 
the  year  1878  the  disease  was  brought  to  Ismailia  (Suez  Canal)  by 
a  pilgrim  ship,  and  from  this  place  it  traveled  to  Alexandria  and  up 
the  Nile.  In  the  same  year  Malta  was  also  infected  by  a  troop-ship 
from  India.  We  further  add:  1880,  the  ports  of  the  Red  Sea,  es- 
pecially Jiddah;  1880-1881,  Cairo;  1881,  Khania,  to  Crete  and  Syria; 
1885-1886,  the  Fiji  Islands;  1887,  Gibraltar;  1888,  Cyprus,  and  in 
the  same  year  "whole  Virginia"   (Charlottesville). 

Within  this  period  fall  numerous  epidemic  outbreaks  in  Syria,  es- 
pecially in  Beirut,  where  according  to  de  Drum  and  Suquet,  no  fewer 
than  fourteen  epidemic  years  could  be  counted  from  1861  to  1889. 
1889: 

Of  particular  interest  is  the  considerable  distribution  of  dengue 
immediately  preceding  the  influenza  pandemic  of  1889;  in  Syria  and 
Palestine,  in  Asia  Minor,  Cyprus,  Rhodes,  Chios,  and  the  islands  of 
the  Archipelago;  furthermore,  in  Cairo  and  Ismailia.  The  disease 
spread  "with  incredible  rapidity,"  and  attacked  now  for  the  first 
time  Damascus  and  Jerusalem. 

From  Beirut,  Smyrna  and  Maghnissa  were  infected,  and  from  the 
latter  place  Constantinople,  and  soon  afterward  the  port  of  Piraeus 
and  Athens.  From  Constantinople  the  disease  was  carried  to  the 
Pontine  southern  coast  (Trapezunt)  and  to  Varna  and  further  still 
to  Salonica. 

On  this  occasion  dengue  continued  even  into  the  cool  season  (No- 
vember), and  in  some  places  was  almost  continuous  with  the  succeeding 
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influenza.  To  this  fact  much  importance  must  be  attached;  for  if 
influenza  and  dengue  were  identical  diseases,  as  they  have  so  often 
erroneously  been  maintained  to  be,  they  would  not  have  succeeded 
each  other  in  such  a  short  time — in  Constantinople,  Athens,  and 
Salonica.  But  since  dengue  is  a  specific  infectious  disease  sui  generis, 
it  also  did  not  render  the  inhabitants  of  these  cities  immune  against 
the  approaching  influenza  coming  from  the  north.  Also  in  the  Fiji 
Islands  in  1885  there  existed  an  influenza  and  a  dengue  epidemic  closely 
following  and  even  overlapping  each  other. 
1890-1895: 

During  these  periods  only  a  few  endemic  outbreaks  are  known. 
They  affected  Senegambia  (St.  Louis)  in  1890,  in  1893  the  East  Indian 
fleet,  and  in  1895  Hongkong. 

Texas  was  again  visited  by  dengue  in  1897. 

Subsequent  epidemics  that  have  been  noted  in  the  Public 
Health  Reports  of  the  United  States  Public  Health  Service  are 
as  follows : 

1899:  Adalia,  Turkey. 

1901:  Hongkong. 

1902:  Canton,  China. 

1903:  Honolulu;   Fort  Jefferson,  Florida. 

1904:  CotuUa,  Texas;  Miami,  Florida;  Shanghai. 

1905:  Brisbane,  Australia. 

1906:  Pascagoula,  Mississippi;  Havana  and  Matanzas,  Cuba. 

1907:  Brownsville  and  Laredo,  Texas;  Cartagena,  Columbia. 

1908:  Miami,  Florida;  Salina  Cruz,  Mexico;  Amoy,  China. 

1911:  Amoy,  China. 

1912:  Florida;  Amoy,  China. 

1913:  Progreso,   Mexico;   Amoy,    China;    Savannah,    Georgia. 

1914:  Iquique,  Chile. 

1915:  Beirut  and  vicinity  of  Tripoli;  Turkey  in  Asia;  Bermuda; 
San  Juan,  Porto   Rico;   Laredo,   Texas. 

1916:  Argentina;  Hawaii;  Santurce,  Porto  Rico;  Austin,  Brownsville, 
and  Eagle  Pass,  Texas. 

1918:  Dominican  Republic;  Louisiana;  Chefoo,  China;  St.  Thomas, 
Virgin  Islands;   Galveston,  Texas;   Shanghai,  China. 

1919:  Key  West  and  Florida  at  large;  Louisiana;  Woodville,  Missis- 
sippi; Vera  Cruz,  Mexico;  Charleston,  South  Carolina. 

1920:  Coffee  County  and  Alabama  at  large;  Key  West,  Florida;  Sa- 
vannah, Georgia;   Galveston,  Texas. 

Period  of  clinical  study. — The  literature  on  the  epoch  that 
can  be  called  that  of  clinical  and  epidemiological  study  is  rich 
in  information  concerning  symptomatology  and  the  factors 
discussed  in  the  present  report,  in  the  section  on  immunity; 
that  is,  relapses,  recurrences,  the  relative  immunity  of  persons 
coming  from  endemic  areas  as  compared  with  natives  of  places 
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visited  by  dengue  for  the  first  time,  and  other  points  that  may 
be  elicited  by  clinical  observation.  A  few  of  these,  illustrative 
of  the  group,  have  been  referred  to  in  the  section  on  immunity. 

PERIOD  OP  INVESTIGATION 

Transmission. — To  Graham  (1903)  belongs  the  credit  for 
having  first  brought  forward  positive  evidence  of  mosquito 
transmission  of  dengue.  The  observations  leading  up  to  his 
experiments  were  made  locally  and  apparently  quite  inde- 
pendently. Even  in  the  earlier  literature,  however,  we  find 
numerous  suggestions  from  which  it  is  now  easy  to  derive  the 
opinion  that  dengue  could  scarcely  be  transmitted  in  any  other 
way. 

It  will  be  remembered  that  Benjamin  Rush  noted  the  unusual 
presence  of  mosquitoes  in  the  hot  summer  of  1780  in  Phila- 
delphia. Hirsch  (1881)  quotes  Waring^  as  saying  of  the  epi-' 
demic  of  1826,  "The  break-bone  fever  has  been  suppressed  by 
the  frost;"  and  of  that  of  1828,  "It  terminates  under  the  effect 
of  frost."     He  likewise  quotes  Arnold  "^  as  follows : 

This  disease  is  undoubtedly  affected  by  frost.  The  diminution  of  cases 
last  fall  was  as  marked  as  the  diminution  of  the  cases  in  our  endemic 
climate    (yellow  fever)   usually  is. 

Subsequent  to  Graham,  reports  upon  observations  indicating 
mosquito  transmission  became  more  specific.  An  epidemic  on 
the  French  ship  Kersaint  was  reported  by  Cazamain  (1916), 
who  suggested  the  possibility  of  mosquitoes  acting  as  carriers 
of  the  disease.  Such  evidence  as  that  furnished  by  Ross  (1906) 
is  most  striking.  Dengue,  as  well  as  malaria,  was  prevalent  in 
Port  Said,  but  when  Ross  (1908)  had  eradicated  the  mosquitoes, 
in  his  successful  antimalaria  campaign  there,  dengue  likewise 
disappeared.  McCulloch  (1918)  had  a  similar  experience  on 
Corregidor  Island.  After  the  island  had  been  freed  of  mos- 
quitoes dengue,  even  when  it  was  introduced,  did  not  spread. 
Welch  (1923)  found  that  dengue  in  1922  did  not  visit  towns 
in  Alabama  that  had  been  rid  of  mosquitoes.  Hanabusa  (1917) , 
on  the  other  hand,  reported  an  outbreak  of  dengue  in  a  regiment 
of  engineers  in  Formosa  at  a  time  when  mosquitoes  were  not 
prevalent;  eighty-six  men  were  attacked  in  a  group  of  eight 
hunderd  forty-two.  With  regard  to  the  dengue  on  Formosa 
Island,   Koizumi,   Yamaguchi,   and   Tonomura    (1917)    incrim- 

•N.  Am.  Med.  &  Surg.  Joum.    (1830). 
'Charleston  Med.  Joum.    (1857). 
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inated  the  mosquitoes  Stegomyia  scutellaris  and  Desvcndea 
obturbans;  they  found  no  indication  that  it  had  been  trans- 
mitted by  Culex  fatigans.  These  authors  admit  that  their 
volunteers  were  not  under  observation  and  confinement  before 
the  experiment  began,  and  this  part  of  their  work  needs  con- 
firmation before  the  mosquitoes  noted  can  be  considered 
seriously  as  having  played  a  role  in  the  transmission  of  dengue. 
Furthermore,  we  may  remark  here  that  the  results  of  their 
injections  of  virus  blood  into  guinea  pigs,  combined  with  certain 
other  peculiarities,  have  led  us  to  wonder  if  the  epidemic  with 
which  they  were  working  was  in  fact  identical  with  the  dengue 
that  has  been  studied  by  us. 

Graham  on  mosquito  transmission. — We  believe  the  experi- 
ments in  transmission  made  by  Graham  in  1903  should  be  de- 
scribed in  his  own  words  and  that  the  paragraph  that  precedes 
his  description  should  be  included.  It  will  be  noted  that  he  says 
the  city  was  terribly  infested  with  Culex  fatigans  (now,  Cvlex 
quinquefasciatus)  and  Stegomyia  fasciata  (now,  Aedes  aegyptt) . 
For  some  reason  he  feels  so  certain  Culex  quinquefasciatus  was 
the  transmitting  mosquito  that  throughout  his  work  he  prac- 
tically disregards  the  presence  of  Aedes  aegypti  (Stegomyia 
fasciata).  There  can  be  no  doubt,  now,  that  in  each  of  his 
successful  experiments  there  were  Aedes  among  the  Culex 
mosquitoes  he  used  for  producing  the  infection.  Graham  says 
on  pages  210,  211,  aiid  214: 

I  saw  something  of  the  epidemic  which  prevailed  on  the  Syrian  Coast 
in  1889,  and  my  experience  gained  at  that  time,  together  with  what 
I  had  learned  from  the  reports  of  other  observers  in  different  epidemics, 
inclined  me  to  the  belief  that  in  the  mosquito  was  to  be  found  the  factor 
which  made  the  dengue  in  certain  localities  very  contagious,  while  not 
at  all  in  others.  Between  Beyrouth  and  the  mountains  to  the  south 
exists  an  immense  sand-bank;  to  the  north  irrigated  mulberry  orchards. 
The  houses  in  the  city  are  without  exception  badly  infested  with  mos- 
quitoes. With  but  few  exceptions  the  villages  dotting  the  slopes  of  Leba- 
non contain  them  in  greater  or  less  numbers.  In  the  city  of  Beyrouth 
itself  none  of  the  forms  of  Anopheles  have  been  found,  although  careful 
search  has  been  made  for  them  by  others  as  well  as  myself.  The  city, 
however,  is  terribly  infested  with  Culex  fatigans  and  Stegomyia  forsciata. 
I  have  searched  carefully  a  considerable  number  of  the  villages  on  the 
slopes  of  Lebanon  facing  the  city,  and  have  found  the  Culex  fatigans  in 
almost  all  of  them,  even  to  a  height  of  5,000  feet  above  the  sea-level.  I 
have  also  found  Stegomyia  fasciata,  although  less  frequently. 

At  the  beginning  of  the  epidemic  I  commenced  a  series  of  experiments 
in  order  to  determine,  if  possible,  whether  the  Culex  fatigans,  which  exists 
in  perfect  swarms  in  the  city,  could  carry  the  dengue  from  person  to 
person. 
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(1)  The  first  experiment  was  done  with  a  mother  and  her  nursing 
child.  The  day  the  mother  was  taken  with  the  initial  chill  all  the  mos- 
quitoes in  one  room  were  killed  by  generating  chlorine  gas,  and  each 
day  after  she  entered  another  room  in  which  the  mosquitoes  had  been  so 
killed.  During  the  fifteen  days*  time  she  was  under  observation  three 
rooms  were  used,  the  room  after  being  freed  from  mosquitoes  being  each 
time  protected  as  well  as  possible  from  their  re-entrance.  The  mother, 
who  was  extremely  anxious  to  protect  her  son  of  8  months  from  the 
disease,  submitted  to  the  annoyance  and  trouble.  The  child  was  allowed 
to  nurse  from  his  mother  during  the  whole  attack  of  the  fever,  which 
was  a  severe  and  typical  one,  and  escaped  any  observable  form  of  infection. 

(2)  Experiment  No.  2  was  carried  out  in  the  sanfe  way,  and  exactly 
the  same  precautions  were  taken  to  keep  out  the  mosquitoes.  There  were 
four  small  children  who  slept  in  the  same  bed  on  the  floor,  their  ages 
ranging  from  4  to  11  years.  The  eldest  of  the  four  contracted  the  fever 
and  the  other  three  played  in  the  same  room  where  he  lay  sick  and 
slept  in  the  same  bed  with  him  at  night,  no  one  of  the  three  contracting 
the  disease.  The  rooms  were  kept  free  from  mosquitoes  during  thirteen 
days. 

(3)  In  the  third  experiment  the  father  of  three  children  contracted 
the  disease  in  the  city,  and  was  willing  to  submit  to  almost  any  in- 
convenience to  protect  his  wife  and  children.  The  same  precautions 
were  taken  as  in  Nos.  1  and  2.  The  man  had  a  severe  attack  lasting  five 
days,  accompanied  by  high  fever,  eruption,  and  desquamation.  The  rooms 
were  kept  as  free  as  possible  from  mosquitoes  during  seventeen  days, 
with  the  result  that  no  other  member  of  the  family  was  taken  ill. 

In  several  other  cases  I  tried  the  same  experiment,  but  gave  it  up 
because  of  carelessness  on  the  part  of  the  household,  which  resulted  in 
my  finding  mosquitoes  in  the  rooms  when  I  made  my  visit  of  inspection. 
They  said  the  dengue  was  better  than  the  confinement.  However,  in 
those  cases  where  care  was  taken  the  results  were  all  that  could  be 
expected. 

The  evidence,  however,  in  these  experiments  was  of  a  negative  kind, 
and  in  order  to  obtain  something  more  positive,  several  experiments  were 
done  in  direct  inoculation  or  infection.  My  excuse  for  exposing  men  to 
infection  was  that  everyone  in  the  city  not  immune  to  the  disease  was 
going  to  get  it  anyway,  also  that  the  disease  was  entirely  without  danger 
to  life  in  young  and  healthy  men.  The  character  of  the  experiment  was 
explained  in  each  case,  and  the  young  man,  for  only  young  men  were  used, 
expressed  his  entire  willingness  to  have  the  "aboo-rikal,"  as  it  is  called, 
for  the  sake  of  the  money  offered.  The  difficulty  was  not  to  find  one 
willing  to  undergo  the  experiment,  but  to  select  the  best  ones  from 
the  many  who  offered.  Four  men  were  selected,  inmates  of  houses 
in  which  no  case  of  dengue  had  as  yet  occurred.  In  each  case  several 
mosquitoes  were  taken  from  the  netting  of  patients  sick  with  the  fever 
and  put  inside  the  netting  of  the  candidate  for  the  disease,  he  sleeping 
night  after  night  with  the  mosquito  in  the  netl^ing.  In  one  case  the 
initial  chill  came  on  five  days  after  the  mosquitoes  were  put  in,  six 
days  afterwards  in  a  second,  and  four  days  after  in  the  third.  In  the 
fourth  case,  no  attack  having  occurred  at  the  end  of  a  week,  another 
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batch  of  infected  mosquitoes  were  put  in,  with  a  negative  result.  This 
young  man  gave  the  history  of  having  had  a  severe  attack  of  dengue 
accompanied  by  eruption  and  desquamation  during  the  epidemic  of  1889. 
Possibly  he  was  immune  for  that  reason.  During  that  epidemic  I  had  a 
very  severe  attack,  and  during  this  last  one  I  escaped  although  constantly 
exposed,  and  although  I  took  no  means  to  protect  myself.  In  all  of 
these  cases  the  men  were  under  agreement  to  remain  in  their  houses 
in  order  not  to  contract  the  disease  in  any  other  way.  In  a  city 
where  so  infectious  a  disease  was  raging  I  still  felt  that  these  three 
men  might  have  received  the  contagion  in  some  other  way.  In  order 
to  avoid  this  objection  mosquitoes  were  taken  from  inside  the  netting 
of  a  dengue  patient  and  carried  up  to  a  village  on  the  mountain  slope 
where  as  yet  no  case  had  occurred.  After  visiting  my  patient  for  the 
infected  mosquitoes  I  changed  my  clothing  and  took  a  bath  before 
mounting  my  horse  to  ascend  the  mountain.  In  this  village,  about  3,000 
feet  above  the  sea,  there  are  almost  no  mosquitoes.  It  is  dry  and  very 
healthy.  I  easily  found  two  young  men  in  different  parts  of  the  village 
who  consented  for  a  consideration  to  take  their  chances  of  having  the 
dengue.  One  of  them,  after  sleeping  four  nights  under  the  netting  with 
the  mosquitoes,  was  taken  with  a  severe  typical  attack  of  dengue.  The 
other  had  his  initial  chill  after  having  passed  five  nights  in  the  company 
of  the  mosquitoes.  These  men  continued  to  sleep  under  the  mosquito 
nettings  I  had  prepared  for  them  until  some  time  after  they  were  well, 
all  the  mosquitoes  in  the  netting  having  been  killed  to  avoid  infection  of 
other  people.  No  other  cases  of  dengue  occurred  in  this  village  during  the 
summer  that  I  could  learn  of,  although  I  made  the  most  careful  inquiry. 

*  *  *  Mrs.  Graham  undertook  one  day  to  procure  a  mosquito  for 
me  from  one  of  the  cages,  and  while  holding  the  killing  bottle  over  the 
mosquito  to  be  caught,  did  not  notice  until  too  late  that  she  was  being 
bitten  by  another.  The  third  day  after  she  was  taken  to  bed  with 
severe  nausea  and  vomiting  and  high  fever,  the  attack  running  the  course 
of  a  typical  sharp  attack  of  dengue.  This  was  her  first  attack  of  dengue, 
and  there  had  occurred  at  no  time  during  the  summer  any  cases  in  the 
house,  neither  had  she  been  anywhere  else  to  expose  herself  to  this 
disease.  The  mosquitoes  in  this  case  had  drawn  blood  from  the  dengue 
patient  fifteen  days  previous  to  the  time  when  she  was  bitten.     *     *     ♦ 

These  quotations  show  with  what  cleverness  Graham  planned 
his  experiments.  It  is  unfortunate  that  the  types  of  mosqui- 
toes to  which  his  volunteers  were  exposed  were  not  better  con- 
trolled. Furthermore,  the  species  of  the  mosquito  that  bit  Mrs. 
Graham  is  not  stated.  It  is  not  surprising,  considering  Gra- 
ham's successful  results  and  the  statements  he  made  concerning 
them,  that  some  of  those  who  subsequently  took  up  the  study 
of  dengue  transmission  by  mosquitoes  should  have  thought  first 
of  attempting  transmission  by  Culex  quinquefasciatus. 

Carpenter  and  Sutton  (1905),  however,  made  experiments  in 
transmission  with  several  different  mosquitoes,  but  the  results 

213531 3 


34  The  Philippine  Journal  of  Science  1926 

were  uniformly  negative.  They  used  Culex  stimulans  Walker, 
Culex  tarscdis  Coq.,  and  Aedes  aegypti,  but  did  not  try  Culex 
quinquefasciatus.  Their  mosquitoes  were  bred  in  the  labo- 
ratory and  kept  for  from  five  to  fourteen  days  after  biting. 
Finally  all  were  dissected  and  carefully  examined.  Carpenter 
and  Sutton  considered  their  mosquito  transmission  experiments 
untrustworthy  and  thought  that  no  definite  statements  could  be 
made  concerning  the  results.  The  details  of  only  four  of  their 
attempts  at  mosquito  transmission  are  given ;  two  of  these  were 
negative,  one  was  positive  after  six  days,  and  one  after  two 
weeks  from  the  date  of  biting.  The  volunteer  subjects  were 
unfortunately  not  protected  at  all  times  from  the  bites  of  other 
mosquitoes. 

The  mosquito  transmission  experiments  of  Bancroft  (1906) 
were  carried  out  in  a  dengue-infected  district;  this,  as  pointed 
out  by  Cleland  and  Bradley,  may  operate  in  two  ways.  His 
apparently  successful  cases  might  have  acquired  the  disease 
in  some  other  way,  or  the  failures  may  have  been  due  to  pre- 
viously acquired  immunity  among  his  volunteers.  Two  of  his 
volunteers  came  down  with  dengue.  Both  were  bitten  by 
Aedes  aegypti — one  twelve  and  one  ten  days  after  the  mosqui- 
toes had  bitten  dengue  patients.  In  the  experiments  that 
resulted  negatively  the  volunteers  were  bitten  fifteen,  fifteen,  and 
seventeen  days  after  the  mosquitoes  had  bitten  the  dengue 
patients.  Bancroft  made  the  interesting  observation  that  per- 
sons, who  lived  in  noninfected  districts  in  the  country,  and 
visited  in  the  daytime  friends  in  town  who  were  ill  with  dengue, 
acquired  the  disease.  He  deduces  from  this  that  if  dengue 
really  is  a  mosquito-borne  disease,  the  transmitting  agent  must 
be  a  day-biting  species.  This  naturally  rules  out  Culex  quin- 
quefasciatus  and  incriminates  Aedes  aegypti, 

Guiteras  and  Cartaya  (1906)  mentioned  some  experiments  in 
mosquito  transmission,  using  Culex  pipiens,  but  they  published 
none  of  the  details,  stating  merely  that  they  attached  very  little 
importance  to  their  work,  although  convinced  that  dengue,  like 
yellow  fever,  is  a  mosquito-borne  disease. 

Agramonte  (1906),  working  in  Havana,  made  unsuccessful 
attempts  to  transmit  dengue  by  mosquitoes.  He  used  several 
species  and  had  them  bite  volunteers  at  various  intervals  after 
they  had  been  fed  upon  dengue  patients.  He  suggested  that 
his  failure  was  due  to  some  undiscoverable  fault  in  technic. 
He  notes  that  Culex  quinquefasciatus  was  present  in  Havana  at 
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that  time.  His  clinical  observations  led  R.  A.  O'Brien  (1908)  to 
incriminate  Stegomyia  notoscripta  as  a  carrier  of  dengue,  since 
the  distribution  of  this  mosquito  was  coincident  with  the  epi- 
demic of  which  he  writes. 

Ashburn  and  Craig. — Ashburn  and  Craig  (1907)  studied  an 
epidemic  of  dengue  that  occurred  at  Fort  William  McKinley, 
about  14  kilometers  (9  miles)  from  Manila.  For  their  volun- 
teers, they  were  forced  to  use  men  who  had  already  passed, 
apparently  unaffected,  through  an  epidemic  at  that  place.  The 
result  was  that  of  nine  who  were  exposed  to  the  bites  of  mos- 
quitoes three  were  immune,  one  may  have  had  a  slight  attack 
of  dengue  before,  and  three  possessed  relative  immunity  "for 
while  they  developed  dengue  from  the  inoculation  of  a  com- 
paratively large  amount  of  dengue  blood,  the  symptoms  were 
mild  in  character,  and  in  one  case  the  incubation  period  was 
greatly  prolonged.''  One  of  their  volunteers  was  found  upon 
subsequent  injection  of  virus  to  be  susceptible  to  dengue,  but 
he  had  seemed  to  be  immune;  the  mosquitoes  refused  to  bite 
him  under  any  of  the  conditions  to  which  he  was  exposed. 
The  details  of  the  experiments  of  Ashburn  and  Craig,  we  be- 
lieve, should  be  quoted  (pages  129  to  131)  : 

The  mosquito  used. — In  looking  over  the  geographical  distribution  of 
dengue  and  various  species  of  mosquitoes,  we  found  but  one  species  {Culex 
fatigans  Wied.,)  of  this  insect  that  apparently  occurred  wherever  dengue 
did.  *  *  *  jjj  Theobald's  monograph  the  map  illustrating  the  known 
distribution  of  Culex  fatigans  Wied.  might  almost  be  used  to  illustrate 
the  distribution  of  dengue  fever,  and  if  to  this  map  be  added  the  regions 
in  which  this  mosquito  has  been  demonstrated  since  it  was  published, 
the  association  of  dengue  and  Culex  fatigans  Wied.,  is  still  more  striking. 

For  this  reason,  and  because  this  mosquito  was  employed  by  Graham 
in  his  experiments,  we  decided  to  work  with  this  species  at  first,  and  in 
the  event  of  our  results  being  negative,  to  extend  our  work  to  embrace 
other  species. 

We  have  used  mosquitoes  reared  in  captivity,  and  also  those  caught 
in  natural  surroundings.  However,  in  our  successful  case  produced  by 
the  mosquito,  we  used  mosquitoes  reared  by  us  from  the  egg,  and  thus 
we  are  sure  that  no  infection  occurred  in  these  insects  before  they  bit 
the  dengue  patients. 

Our  mosquito  experiments  were  conducted  as  follows:  The  patient 
suffering  from  dengue  was  placed  in  a  bed  beneath  a  mosquito  net  in 
a  mosquito-proof  tent.  At  night  from  twenty  to  thirty  mosquitoes  were 
liberated  beneath  the  mosquito  bar  and  collected  in  the  morning;  almost 
invariably  all  the  mosquitoes  left  alive  had  bitten  and  were  full  of  blood. 
The  subject  to  be  experimented  upon,  having  been  placed  in  bed  beneath 
a  mosquito  net  in  another  mosquito-proof  tent,  the  mosquitoes  which 
had  bitten  the  dengue  case  the  night  before  were  liberated  beneath  his 
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mosquito  net,  and  orders  given  that  the  man  remain  beneath  the  net 
until  the  mosquitoes  had  disappeared;  later  we  allowed  the  man  to  remain 
out  of  bed  during  the  day,  the  mosquitoes  being  kept  beneath  the 
spread  net.  With  one  exception,  which  has  been  noted,  all  the  men 
were  bitten  a  few  times,  but  in  most  instances  the  mosquitoes  died  before 
the  men  had  been  bitten  severely.  We  also  confined  mosquitoes  that  had 
bitten  dengue  cases  in  glass  jars,  and  kept  them  as  long  as  from  four 
to  six  days  before  allowing  them  to  bite,  but  in  the  few  instances  in 
which  we  tried  this  method,  our  results  were  all  negative. 

Experiment  No,  11 

Case  lly  *  *  * — B.  L.  W.,  private.  Hospital  Corps,  United  States 
Army.  This  man  had  been  on  duty  at  the  Division  Hospital  for  several 
weeks,  and  as  no  cases  of  dengue  had  occurred  in  the  hospital,  had  not 
been  exposed  to  the  disease,  so  far  as  we  could  determine.  On  September 
12,  1906,  the  man  being  in  good  health,  he  was  placed  under  a  mosquito  net 
with  mosquitoes  that  had  bitten  case  88  *  *  *  on  the  night  of  Sep- 
tember 11.  Case  88  was  suffering  at  the  time  from  a  typical  attack 
of  dengue.  Case  11  was  not  bitten  by  mosquitoes  until  the  night  of 
September  13,  and  developed  no  symptoms  until  the  night  of  the  17th, 
but  upon  reference  to  his  chart  it  will  be  seen  that  he  had  fever  for 
nearly  twenty-four  hours  before  he  noticed  any  symptoms.  If  we  assume 
the  period  of  incubation  to  be  the  period  intervening  between  the  13th, 
the  night  upon  which  he  was  first  bitten,  and  the  16th,  when  he  had  his 
first  rise  in  temperature,  the  incubation  period  would  be  about  three 
days  and  one-half.  However,  if  we  assume  the  disease  to  have  commenced 
when  he  first  noticed  symptoms — ^that  is,  upon  the  evening  of  the  17th — 
the  incubation  period  would  be  a  little  over  four  days.  The  following 
is  a  summary  of  his  clinical  history: 

September  12:  Put  under  net  with  mosquitoes  that  bit  Case  88  last 
night. 

September  13:  Bitten  by  mosquitoes  last  night. 

September  18:  Had  headache  and  felt  uncomfortable  last  evening.  This 
morning  complains  of  headache  and  a  dull  pain  in  the  articulations. 

September  19:  Still  complains  of  headache  and  general  muscular  pain 
and  soreness.     His  face  and  eyes  are  greatly  congested. 

September  20:  Last  night  had  severe  pain  in  the  head,  eyes,  and  the 
muscles  of  the  back,  but  feels  much  better  this  morning. 

September  21:  Is  feeling  better.  A  faint  rash  is  visible  covering 
the  chest  and  abdomen. 

September  22:  Complains  of  soreness  and  stiffness  in  the  muscles.  The 
eruption  is  now  plainly  visible  and  typical  of  dengue. 

September  24:   Feels  well.    The  eruption  has  almost  disappeared. 

October  1:  Returned  to  duty. 

Remarks, — This  case  was  in  every  way  typical  of  a  moderately  severe 
attack  of  dengue.  The  symptoms  were  those  seen  in  the  great  majority 
of  naturally  acquired  infections  and  the  temperature  chart  is  a  very 
characteristic  one.     This  man  had  not  been  exposed  in  our  dengue  camp 
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before  being  bitten  by  the  mosquitoes,  and  did  not  leave  the  mosquito- 
proof  camp  until  after  the  onset  of  the  disease. 

For  reasons  which  have  been  stated,  of  the  nine  men  exposed  to  the 
bites  of  infected  mosquitoes,  only  four  can  be  considered  in  estimating 
the  results  obtained.  Of  these,  one,  or  25  per  cent,  developed  a  typical 
attack  of  dengue  following  the  bites  of  infected  mosquitoes;  but  we  do 
not  consider  that  the  three  negative  cases  are  of  much  value,  as  the 
conditions  were  such  as  to  cause  some  doubt  as  to  whether  the  men 
were  bitten. 

These  authors  have  never  felt  entirely  satisfied  with  the 
results  of  their  work  in  mosquito  transmission,  and  Colonel 
Craig  has  attempted  on  numerous  occasions  to  make  it  possible 
to  do  or  to  have  done  such  work  as  this  board  has  been  able 
to  accomplish. 

Cleland,  Bradley,  and  McDonald. — Cleland,  Bradley,  and 
McDonald  (1916,  1918,  and  1919)  were  fortunate  in  being  able 
to  conduct  their  experimental  transmission  work  in  a  place 
where  dengue  did  not  exist.  In  March,  1916,  an  extensive 
epidemic  of  dengue  was  prevalent  in  Queensland,  and  reached 
some  of  the  north  coast  towns  of  New  South  Wales.  These 
authors  realized  that  if  infective  material  could  be  successfully 
transported  to  Sydney  where  the  disease  had  never  been  known 
to  spread,  any  results  obtained  would  be  free  from  fallacies 
attendant  upon  experiments  made  in  an  endemic  or  epidemic 
area.  They  considered  that,  since  both  Culex  quinquefasciatus 
and  Aedes  aegypti  were  common  household  mosquitoes  in  most 
parts  of  Australia,  it  was  probable  that,  if  dengue  is  trans- 
mitted by  a  mosquito,  it  must  be  one  or  the  other  or  both  of 
these.  In  view  of  the  earlier  experiments  of  Bancroft  (1906) 
in  Australia,  greater  suspicion  fell  on  Aedes  aegypti.  However, 
they  used  both  mosquitoes  in  their  experimental  work. 

Among  other  mosquitoes  which  they  considered  were  Scm- 
tomyia  notoscripta  Skuse,  which  is  widely  distributed  through 
Australia,  although  they  never  met  it  in  any  abundance;  it 
resembles  Aedes  aegypti  very  closely,  but  can  be  distinguished 
from  it  by  a  white  band  on  the  proboscis;  Culicelsa  vigulas 
Skuse,  a  common  bush  mosquito;  Culicelsa  annulirostris  Skuse, 
which  is  widely  distributed  in  Australia  and  is  present  in  the 
affected  area,  but  there  seems  to  be  no  reason  to  consider  it 
responsible  for  the  conveyance  of  any  disease  to  man ;  and  Nys- 
sorhynchus  a^nulipes  Walker,  a  transmitter  of  malaria  in  Austra- 
lia, which  appears  to  be  widely  distributed  there. 
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The  first  series  of  mosquito-transmission  experiments  made 
by  these  writers  resulted  negatively ;  four  volunteers  were  bitten 
by  Aedes  aegypti,  and  two  by  Culex  quinquefasciatus.  The 
details  of  the  second  series  of  mosquito  experiments  can  be  given 
most  accurately  by  quoting  from  their  report  (pages  342  to  345)  : 

In  our  second  series  of  experiments  mosquitoes  were  collected  in 
Mullumbimby  and  the  surrounding  district,  about  100  5.  fasciata  and 
112  C  fatigans  being  thus  obtained.  The  insects  were  collected  from  the 
hotel  at  which  we  stayed  in  Mullumbimby,  from  the  post  office,  and 
from  private  houses  in  the  town  and  district  in  which  dengue  fever  cases 
had  occurred — in  some  cases  from  the  actual  bedroom  where  patients 
were  lying  sick  with  the  disease.  A  few  mosquitoes  were  caught  on  the 
journey  from  Brisbane  to  Mullumbimby.     *     *     * 

The  Stegomyia  fasciata  and  Culex  fatigans  were  transferred  to  special 
cages,  one  containing  S,  fasciata^  the  other  C.  fatigans.  The  cages  were 
made  with  a  rounded  opening,  to  which  was  attached  a  net  sleeve. 
Through  this  the  hand  could  be  passed  to  add  freshly  caught  mosquitoes 
and  for  the  biting  experiments. 

At  Mullumbimby,  on  May  8th,  1916,  the  dengue  patient  (X)  who  became 
ill  on  May  7th,  was  bitten  by  the  Stegomyia  then  in  the  cage;  on  the 
9th,  he  was  again  bitten  by  Stegomyixi,  and  on  the  evening  of  the  8th, 
he  was  bitten  by  Culex,  Both  species  of  mosquitoes  bit  this  patient 
well,  and  thus  many  of  the  Mullumbimby  district  mosquitoes  had  cer- 
tainly been  fed  on  the  blood  of  a  dengue  case  in  the  acute  stage.  Exactly 
how  many  mosquitoes  bit  this  patient  it  is  impossible  to  say,  as  this 
part  of  the  work  was  conducted  in  a  badly-lit  bedroom. 

On  May  11th,  1916,  these  mosquitoes  arrived  in  Sydney. 

Biting  experiments  with  the  Stegomyia  were  conducted  on  May  11th, 
12th,  13th,  and  14th,  and  with  Culex  on  May  11th,  12th,  13th,  and  14th, 
as  shown  more  clearly  later. 

On  May  15th,  some  seven  Culex  and  eleven  Stegomyia  collected  in  the 
Grafton  district,  chiefly  from  houses  of  dengue  patients,  were  added.  Over 
112  mosquitoes  were  collected  in  Grafton,  of  the  following  species:  Ste- 
gomyia fascixita,  twenty-seven;  Culex  fatigans,  forty-six;  Culicelsa  annuli- 
rostris,  thirty-seven;  Nyssorhynchus  annulipes,  two.  But  although  all 
care  was  taken,  the  mortality  between  Grafton  and  Sydney  was  large, 
and  hence  only  this  small  number  was  added  to  the  boxes. 

Further  feeding  experiments  were  made  with  the  remaining  mixed 
Mullumbimby  and  Grafton  mosquitoes,  viz.  with  S.  fasciata  on  May  15th, 
16th,  17th,  18th,  19th,  and  23rd;  with  C.  fatigans  on  May  15th  and  16th. 

On  June  29th,  the  cages  used  in  the  experiments  were  emptied  of  the 
dead  mosquitoes,  and  the  remaining  bodies  that  were  not  crushed  were 
examined  separately  with  a  hand  lens.  Seventy-five  Stegomyia  were 
counted  (two  being  males)  in  the  Stegomyia  cage;  no  other  mosquitoes 
were  found  in  this  cage.  Seventy-eight  C,  fatigans  (two  being  males) 
and  one  Culex  annulirostris  were  found  in  the  Culex  cage. 

This  procedure  forms  an  additional  check  by  another  observer  (J.  B.  C.) 
that  the  classification  of  mosquitoes  was  made  accurately  by  B.  B.,  and 
although  about  twenty-five  Stegomyia  were  unaccounted  for — probably 
they    had    been    unrecognisably    crushed    in    travelling,    etc. — ^we    can    be 
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reasonably  certain  that  no  Culex  was  included  in  the  Stegomyia  cage  with 
which  we  obtained  our  positive  results. 

The  following  is  a  short  summary  of  the  experiments  made  and  results 
obtained  with  mosquitoes,  taking  the  nine  persons  volunteering  seriatum: 

Case  L  J.  G.,  male,  laboratory  assistant  (18  years),  the  subject  of 
an  unsuccessful  Stegomyia  biting  experiment  of  the  first  series,  was 
bitten  on  May  11th,  1916,  at  2.15  p.  m.,  by  some  twenty-eight  Stegomyia. 
He  remained  well  until  the  afternoon  of  the  19th,  eight  days  later, 
when  he  noticed  he  had  headache.  That  evening  at  7  p.  m.  (eight  days  and 
five  hours)  he  was  again  bitten  by  Stegomyia,  and,  while  sitting  with  his 
hand  in  the  cage,  first  became  definitely  ill.  He  passed  through  a  typical 
attack  of  dengue  fever,  showing  a  double  temperature  curve,  rash,  and 
symptoms  described  in  detail  below.  Blood  from  this  case  reproduced 
the  disease  on  injection.     Result  positive. 

Case  IL  McD.,  male,  laboratory  assistant,  not  previously  the  subject 
of  experiment,  was  bitten  on  May  12th,  by  ten  Stegomyia,  and  on  the 
18th  by  three  or  four  Stegomyia,  He  remained  well  until  June  3rd, 
seventeen  days  from  the  second  biting  and  twenty-two  days  from  the 
first  biting,  when  he  had  an  influenzal  attack  with  coryza  for  a  few 
days,  with  no  rash  and  nothing  suggestive  of  dengue.    Result  negative. 

Case  III,  G.,  male,  laboratory  assistant,  not  previously  the  subject 
of  experiment,  bitten  by  about  nine  Stegomyia  on  May  13th,  1916,  and 
by  about  three  Stegomyia  on  the  17th.  No  symptoms  have  followed  these 
bitings  to  date — July  14,  1916.     Results  negative. 

Case  IV,  Wm.,  male,  laboratory  assistant,  not  previously  the  subject 
of  experiment,  was  bitten  by  about  thirty-six  Stegomyia  on  May  14th, 
1916,  (mid-day),  and  by  about  thirty-six  Stegomyia  on  the  15th  (12.30 
p.  m.  and  4.30  p.  m.).  On  the  20th  (six  days  and  nine  hours  from 
first  biting) ,  whilst  going  to  bed  at  night,  he  became  ill  and  had  a  typical 
attack  of  dengue,  with  double  temperature,  rash  and  other  symptoms. 
*     *     *     His  blood  on  injection  reproduced  the  disease.     Result  positive. 

Case  V,  M,,  female,  a  nurse,  was  bitten  by  eighteen  Stegomyia  on 
May  16th,  1916  (noon)  and  became  ill  on  the  25th,  10  p.  m.  (nine  days 
ten  hours  later),  and  passed  through  a  rather  severe  type  of  dengue 
with  marked  rash  and  double  temperature.  No  blood  was  taken  from  this 
case  for  injection  experiments.    Result  positive. 

Case  VI.  B,  B,,  medical  practitioner,  was  in  dengue  fever  districts — 
Mullumbimby,  Casino  and  Grafton,  leaving  Grafton  for  Sydney  by  boat 
on  May  13th,  1916.  To  keep  the  mixed  Grafton  mosquitoes  alive,  he 
allowed  them  to  bite  him  on  the  12th  and  14th,  but  remained  perfectly 
well  till  the  23rd  (2  p.  m.) ;  ten  days  after  leaving  the  dengue  district, 
he  was  bitten  by  fifteen  Stegomyia.  He  remained  well  till  May  29th,  and 
his  temperature  was  normal  till  May  31st,  on  rising  at  9  a.  m.  (seven 
days  and  nineteen  hours),  he  then  became  definitely  ill  and  passed 
through  a  severe  attack  of  dengue,  with  definite  prodromal  and  secondary 
rashes,  double  temperature,  and  marked  pains,  etc.,  *  *  *  biqq^j  from 
this  case  reproduced  the  disease  on  injection.  Result  positive,  but  open 
to  criticism  since  B.  B.  had  been  in  a  dengue  district  eighteen  days  before 
the  attack  developed. 

Case  VII.  W,  T,,  bitten  by  one  Stegomyia  on  May  12th,  1916.  No 
illness  followed.     Result  negative. 


40  The  Philippine  Journal  of  Science  1926 

Case  VIII.  M.,  a  patient  at  a  hospital,  was  bitten  by  CtUex  fatigans 
as  follows:  on  May  11th,  1916,  by  about  twelve;  on  May  12th  and  13th 
by  an  unknown  number;  on  May  14th,  by  at  least  twenty.    Result  negative. 

Case  IX.  J.  O.  S.,  laboratory  assistant,  a  subject  of  Culex  experiment 
in  first  series,  was  bitten  by  C.  fatigans  as  follows:  On  May  15th,  19*16, 
by  two;  on  May  19th,  by  an  unrecorded  number.  No  symptoms  followed. 
Result  negative. 

In  discussing  the  above  results,  it  is  important  for  the  reader  to  bear 
in  mind  that  our  main  object  was  to  determine  whether  either  or  both 
of  the  mosquitoes  experimented  with  were  capable  of  transmitting  in- 
fection. We  were  quite  in  the  dark,  even  if  one  or  both  species  of  mosquito 
were  a  transmitter  of  the  disease,  about  a  number  of  other  important 
circumstances  connected  with  such  a  possible  means  of  transmission.  The 
mosquito,  if  it  carried  infection  at  all,  might  or  might  not  need  a  period 
to  elapse  after  biting  a  patient  before  it  became  able  to  infect  another 
person,  and  might  remain  infective  for  a  period  quite  undetermined  by 
us.  Hence  mosquitoes  collected  might  not  prove  successful  transmitters, 
not  because  they  could  not  carry  infection,  but  because  they  were  not 
for  one  reason  or  another  "ripe."  Therefore,  although  our  mosquitoes 
were  collected  in  a  district  where  dengue  was  prevalent,  some  from 
houses  where  patients  were  actually  ill,  and  many  from  houses  where 
patients  had  recently  been  ill,  we  felt  it  advisable  to  increase  the  chance 
of  getting  results  by  letting  them  bite  patient  X.,  who  had  acquired 
the  disease  in  the  usual  manner,  on  the  dates  mentioned.  We  were  not 
in  a  position,  and  did  not  try,  to  solve  the  question  of  the  "ripening" 
period,  if  any,  nor  of  the  period  during  which  the  mosquitoes  remained 
infective. 

Again,  we  deemed  it  advisable  to  have  our  first  volunteers  bitten  more 
than  once,  and  that  because  of  the  uncertainty  as  to  whether  the  mosqui- 
toes had  "ripened,"  especially  if  infected  from  the  known  bitten  patient, 
and  because  of  the  unknown  time  which  the  mosquitoes  might  remain 
infective.  We  foresaw  that,  to  a  certain  extent,  these  multiple  bitings 
might  complicate  our  results  and  prevent  us  from  obtaining  the  exact 
incubation  period,  but  we  attempted  to  arrange  the  experiments  in 
such  a  way  that  we  might  hope  to  elucidate  this  point.  As  it  turned 
out,  the  double  biting  has  actually  only  interfered  with  the  understanding 
of  the  incubation  period  in  one  case  (Win.),  and  the  later  volunteers, 
being  only  bitten  once,  tend  to  confirm,  in  this  case,  the  longer  incubation 
period  rather  than  the  five  days  five  hours  period  which  may  have 
been  the  incubation  period  for  Wm. 

The  deductions  that  can  clearly  be  drawn  from  these  experi- 
ments are  that  Aedes  aegypti  (Stegomyia  fasciata)  is  capable 
of  transmitting  dengue,  whereas  no  evidence  is  obtained  from 
the  two  cases  bitten  by  it  that  Culex  quinquefasciatus  (C.  fa- 
tigans) could  transmit  the  disease.  No  attempt  was  made  in 
these  experiments  to  ascertain  whether  or  not  the  virus  in  the 
mosquito  had  to  pass  through  any  ripening  period.  The  mos- 
quitoes used  were  caught  in  houses  where  there  were  cases  of 
dengue  and  nobody  could  tell  the  time  of  their  initial  infection. 
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Chandler  and  Rice. — During  the  summer  and  fall  of  1922, 
there  occurred  in  parts  of  Texas  a  scourge  of  yellow-fever  mos- 
quitoes (Aedes  aegypti)  such  as  had  not  before  been  recorded 
and,  accompanying  it,  an  epidemic  of  dengue  which  attacked 
between  500,000  and  600,000  people. 

Charidler  and  Rice  (1923)  took  advantage  of  this  opportunity 
to  make  etiological  investigations.  Their  observations  concern- 
ing the  prevalence  of  mosquitoes  showed  that  in  no  part  of  the 
state  where  there  was  dengue  was  Aedes  aegypti  absent,  and  their 
study  of  the  relation  between  Aedes  aegypti  and  the  epidemi- 
ology of  the  outbreak  led  them  to  the  conclusion  that,  in  that 
epidemic,  this  mosquito  was  the  primary  factor  in  transmission. 
They  did  not  feel  prepared  to  say  that  Culex  quinquefasciatits 
could  not,  under  some  circumstances,  transmit  the  disease;  but 
they  believed  the  evidence  they  had  adduced  was  sufficient  to 
show  that  this  mosquito  plays,  at  most,  a  minor  part.  In  order 
to  prove  conclusively  that  Aedes  aegypti  was  really  the  trans- 
mitter of  dengue  in  this  epidemic,  they  planned  a  number  of 
transmission  experiments.  Various  circumstances  prevented 
their  following  completely  the  program  laid  out,  but  they  were 
able  to  make  valuable  observations.  The  following  is  their  own 
account  of  their  transmission  experiments  (pages  249,  250,  257, 
and  258) : 

For  the  Galveston  experiments  volunteers  \y:ere  found  among  new 
arrivals  on  evening  trains,  and  were  immediately  placed  in  carefully 
screened  rooms,  where  they  were  observed  for  ten  days,  during  which 
time  blood  counts,  urine  analyses,  and  Wassermann  tests  were  made. 
Except  for  minor  noninfectious  injuries,  all  the  volunteers  were  found 
to  be  in  good  physical  condition.  Two  women  had  come  direct  from 
Colorado  Springs,  Colo.,  two  men  from  Denver,  Colo.,  one  man  from 
Albuquerque,  New  Mexico,  two  from  Yellowstone  Park,  and  one  from 
Leadville,  Colo.,  the  statements  of  the  volunteers  being  corroborated  by 
baggage  checks  or  Pullman  slips  *  *  *.  The  experiments  were  per- 
formed at  a  private  house  where  good  and  intelligent  cooperation  was 
received.  The  copper  screens  were  doubled  with  mosquito  bar,  and  every 
one  watched  for  mosquitoes  indoors.  A  total  of  three  were  seen  and 
killed  during  the  course  of  the  experiments.  None  of  the  volunteers 
left  the  second  floor,  but  they  visited  each  other  on  that  floor,  and 
had  their  meals  served  in  their  rooms.  The  laboratory-bred  mosquitoes 
used  in  the  experiments  were  released  under  a  closely  gathered  net 
with  the  volunteer  stripped  to  the  waist,  30  to  40  mosquitoes  being 
used  in  each  instance.  The  mosquitoes  were  seen  to  bite  in  every  case 
recorded  as  a  bite,  the  sting  was  noted  by  the  volunteer,  and  a  papule 
was  observed;  we  cannot,  of  course,  be  certain  that  in  some  instances 
the  same  mosquito  did  not  bite  twice.  After  a  number  of  bites  had  been 
recorded,  all  the  mosquitoes  were  killed. 
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Summary  of  experiments. 

Dengue  fever  was  successfully  transmitted  to  4  out  of  6  volunteers 
by  Aedes  aegypti,  as  follows: 

Case  1.  Twenty-four  hours  after  biting  patient  in  second  day  of 
disease.     Incubation  period  approximately  five  days  and  eighteen  hours. 

Case  2,  Forty-eight  hours  after  biting  patient  in  third  day  of  disease. 
Incubation  period  six  days  and  four  hours. 

Case  3,  Seventy-two  hours  after  biting  patient  in  fourth  day  of  disease. 
Incubation  period  six  days  and  twelve  hours. 

Case  U,  Ninety-six  hours  after  biting  patient  in  fifth  day  of  disease. 
Incubation  period  four  days  and  two  hours. 

Of  the  2  volunteers  to  whom  the  disease  was  not  transmitted  by  infected 
mosquitoes,  one  (no.  5)  was  bitten  by  mosquitoes  fed  ninety-six  hours 
previously  on  a  patient  on  the  fifth  day  of  the  disease  and  again  nine  days 
later  by  mosquitoes  fed  twenty-four  hours  previously  on  a  patient  in  the 
second  day  of  the  disease.  Finally,  five  days  later,  he  was  intravenously 
inoculated  with  1  c.  c.  of  blood  from  no.  4  taken  about  forty-four  hours 
after  onset  of  the  disease,  but  was  not  infected  and  did  not  subsequently 
contract  the  disease.  The  other  unsuccessful  case  (no.  6)  was  bitten  by 
mosquitoes  fed  ninety-six  hours  previously  on  a  patient  in  the  fifth  day 
of  the  disease.  He  had  a  mild  attack  of  the  disease  twenty-seven  days 
after  being  released.     *     *     * 

While  these  experiments  were  carried  on  in  an  epidemic  area,  and 
are  therefore  not  so  absolutely  conclusive  as  they  would  have  been  if 
they  could  have  been  carried  on  in  an  uninfected  place,  we  feel  reasonably 
certain  that  the  results  can  be  relied  upon  in  view  of  the  precautions 
which  were  taken  to  prevent  outside  infection.  We  conclude,  therefore, 
that  the  disease,  as  it  appeared  in  the  Texas  epidemic,  was  transmissible 
by  Aedes  aegypti  in  from  twenty-four  to  at  least  ninety-six  hours  after 
biting  a  patient,  and  that  these  mosquitoes  can  become  infected  from 
patients  in  various  stages  of  the  disease  from  the  first  to  at  least  the  fifth 
day     *     *     *. 

It  will  be  noted  that,  in  the  transmission  work  done  by  this 
board,  mosquitoes  successfully  transmitted  dengue  only  when 
the  period  between  the  biting  of  the  patient  and  the  biting  of 
the  volunteer  was  more  than  ten  days.  We  obtained  no  evidence 
that  the  mosquito  is  ever  merely  a  mechanical  agent.  The 
results  of  our  work  lead  us  to  believe  that  in  dengue,  as  in 
yellow  fever,  the  virus  must  remain  in  the  mosquito  for  about 
eleven  days  before  the  insect  is  capable  of  transmitting  the  dis- 
ease. In  view  of  our  results,  we  find  it  difficult  to  understand 
and  explain  the  successful  results  obtained  in  mosquito  trans- 
mission by  Chandler  and  Rice. 

CONTAGIOUSNESS  OP  DENGUE 

In  order  to  obtain  definite  evidence  of  the  contagiousness  of 
dengue,  Ashburn  and  Craig  (1907)  made  such  experiments  as 
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Reed  and  his  associates  had  made  in  Cuba  to  demonstrate  the 
exclusive  transmission  of  yellow  fever  by  the  mosquito. 

At  the  hospital  at  Fort  William  McKinley,  efforts  were  made 
to  produce  dengue  by  exposure  of  healthy  men  to  fomites.  The 
men  used  in  this  experiment  lived  in  mosquito-proof  tents  with 
patients  suffering  with  dengue,  through  the  entire  course  of 
the  disease.  They  slept  in  the  same  beds  with  the  patients,  wore 
the  underclothing  and  pajamas  of  the  patients,  and  ate  and 
drank  from  the  same  table  utensils.  Eight  men  were  exposed 
in  this  way,  and  since  none  developed  the  disease  from  such 
contact,  the  conclusion  was  drawn  that  dengue  is  not  a  conta- 
gious disease,  and  that  dengue  patients  may,  therefore,  be  placed 
in  the  general  wards  of  a  hospital  without  fear  of  infecting 
others,  provided  precautions  are  taken  to  protect  them  from 
mosquitoes. 

Other  methods  were  used  by  Cleland,  Bradley,  and  McDonald 
(1919)  to  transmit  the  virus  from  one  person  to  another.  They 
failed  to  infect  a  volunteer  through  the  application  of  infective 
serum  to  a  scarified  area  on  the  skin.  The  result  was  negative 
when  infective  material  was  applied  upon  swabs  to  the  mucous 
membranes  of  the  nostrils.  A  very  doubtful,  and  probably  neg- 
ative result,  followed  the  gargling  of  the  throat  with  infective 
material,  followed  by  swallowing  the  same. 

INCUBATION  PERIOD 

We  have,  in  the  literature,  clinical  reports  of  attacks  of  dengue 
occurring  at  definite  times  following  probable  infection.  Such 
observations  as  those  based  upon  outbreaks  of  dengue  among 
groups  of  sailors  after  arrival  of  a  ship  at  an  infected  port 
are  probably  accurate,  but  they  cannot  have  the  definiteness 
possessed  by  the  recorded  time  intervals  in  experimentally  pro- 
duced infections  under  controlled  conditions. 

The  first  case  appeared  among  those  on  board  the  steamship 
Kersaint  at  the  infected  port  of  Saigon,  after  the  fourth  day 
subsequent  to  arrival  at  that  port.  Hare  (1898)  tells  of  two 
men  who  visited  an  infected  town  on  a  certain  day  and  remained 
there  only  during  that  day;  both  came  down  with  dengue  five 
days  later.  Of  the  twenty  men  who  came  down  with  dengue 
after  returning  from  the  infected  island  of  Rouad,  Adrien 
(1918)  gives  the  time  of  attack  as  follows:  Three  on  the  fourth 
day ;  seven  on  the  fifth ;  five  on  the  sixth ;  three  on  the  eighth ; 
and  two  on  the  tenth. 
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The  incubation  periods  in  the  cases  produced  experimentally 
and  reported  in  the  literature  up  to  1923  are  summarized  by 
Armstrong  (1923,  page  6)  as  follows: 


Experimenter. 

Number  of 
cases. 

Incubation 

peiiod, 

days. 

Experimenter. 

Nimiber  of 
cases. 

Incubation 

period, 

days. 

Graham 

2 
2 

1 

1 
1 
1 

4 
5 
6 
5 
6 
6-7 

-Cleland  et  al 

2 
1 
1 
1 
1 
2 

7-8 

Do 

Do - 

9-10 

Do 

Ashburn  and  Craig 

Chandler  and  Rice 

Do 

3-4 

Bancroft 

4-5 

Do 

5-6 

Cleland  et  al 

Do 

6-7 

In  the  cases  produced  by  the  injection  of  blood,  the  following 
results  were  obtained: 


Experimenter. 

Number  of 
cases. 

Incubation 

period, 

days. 

Experimenter. 

Number  of 
cases. 

Incubation 

period, 

days. 

Cleland  etal 

1 
4 
3 
3 
5 
2 

4-5 
5-0 
6-7 
7-8 
8-9 
9-10 

Cleland  et  al 

1 
4 
2 
1 
1 
2 

15 

Do ... 

Ashburn  and  Craig 

Do          

2-3 

Do_      _ 

3-4 

Do___ 

Do 

Do 

Chandler  and  Rice 

4-5 

Do_   _    

7 

Do 

5-6 

The  longest  incubation  period  of  which  there  is  any  record 
is  fifteen  days,  reported  by  Cleland,  Bradley,  and  McDonald 
(1919).  This  case  is  commented  upon  in  the  clinical  section  of 
our  report. 

The  incubation  periods  of  the  cases  produced  in  the  work  of 
this  board  are  discussed  in  the  section  of  this  report  devoted 
to  the  clinical  manifestations  of  dengue. 

The  virus. — In  support  of  his  evidence  concerning  the  trans- 
mission of  dengue,  Graham  (1903)  attempted  to  demonstrate 
the  presence  of  the  virus  in  his  potentially  infected  mosquitoes. 
He  injected  a  suspension  of  the  salivary  glands  of  mosquitoes, 
which  he  believed  to  be  infected,  under  the  skin  of  a  volunteer. 
The  mosquitoes  had  bitten  a  patient  with  dengue  twenty-seven 
days  before.  On  the  third  day  after  the  injection,  the  patient 
had  a  chill  and  high  fever  with  an  attack  "resembling  dengue 
in  every  way.''  The  attack  was  so  severe,  however,  Graham 
did  no  further  work  along  that  line.  He  thought  it  was  not 
septicaemia,  because  he  found  his  dengue  parasites  in  the  blood. 

The  finding  of  dengue  parasites  in  the  blood  of  the  patient  is 
not  now  taken  seriously,  and  the  diagnosis  in  this  case  remains 
an  open  question.  The  suspicion  seems  persistent  that  possibly 
the  material  injected  was  not  free  from  the  common  pyogenic 
bacteria. 


29,1-2  Slier,  Hall,  and  Hitchens:  Dengue  45 

Ashburn  and  Craig  (1907)  were  the  first  to  demonstrate  ex- 
perimentally the  presence  of  infective  virus  in  the  circulating 
blood.  They  injected  eleven  men  with  the  blood  of  patients 
suffering  with  dengue,  seven  of  whom  subsequently  developed 
dengue.  The  result  in  the  rest  was  doubtful.  Three  of  the 
four  later  proved  to  be  immune. 

These  authors  were  likewise  the  first  to  show  that  the  virus  of 
dengue  is  filtrable.  The  technic  used  and  the  results  of  their 
filtration  experiments  should  be  given  in  their  own  words  (pages 
123,  124,  and  128). 

Having  proven  by  our  inoculation  experiments  with  unfiltered  blood 
from  dengue  patients  that  the  disease  could  be  thus  transmitted  and, 
furthermore,  that  while  the  cause  must,  therefore,  be  present  in  the  blood, 
it  is  not  possible  to  demonstrate  it  in  either  fresh  or  stained  specimens 
by  any  known  method  of  examination,  we  are  forced  to  the  conclusion  that 
the  causative  organism  must  be  ultramicroscopic,  as  in  the  case  of 
yellow  fever,  rinderpest,  etc. 

FILTERS  USED  AND  CONTROL  METHODS 

In  our  filtration  experiments  we  have  employed  a  Lilliput  diatomaceous 
filter,  which  was  tested  each  time  before  it  was  used.  Before  using, 
the  filter  was  sterilized  and  the  filtration  done  under  730  millimeters 
pressure. 

After  filtering  the  blood  the  following  control  test  of  the  filter  was  made 
in  each  case.  A  suspension,  in  nutrient  bouillon,  was  made  of  M.  meli- 
tensis  and  S,  cholerae,  and  then  filtered  through  the  filter  used  in  filtering 
the  blood;  the  filtrate  was  then  incubated  for  two  weeks,  daily  examina- 
tions of  it  being  made.  The  filter  in  use  retained  both  these  organisms, 
the  filtrate  remaining  sterile  for  two  weeks  when  it  was  thrown  away. 
In  the  control  filtrations  the  same  filter  was  used,  after  careful  sterili- 
zation, as  was  employed  for  the  dengue  blood,  and  the  same  pressure 
was  maintained  during  filtration. 

Besides  the  control  test  of  the  filter,  we  kept  in  each  case  a  portion 
of  the  filtered  dengue  blood  for  a  period  of  ten  days,  making  daily  exam- 
inations, and  in  one  case,  several  cultures  in  bouillon.  No  growth  was 
obtained  in  either  the  filtered  blood  or  the  cultures. 

We  regard  these  two  cases  of  dengue  produced  by  the  intravenous 
injection  of  filtered  dengue  blood  as  the  most  typical  cases  of  the  severe 
type  of  the  disease  which  we  have  observed  and  we  believe  that  these 
two  experiments  prove  conclusively  that  dengue  can  be  transmitted  by 
blood  which  has  been  passed  through  a  filter  which  retains  organisms  as 
small  as  0.4  fi  in  diameter  (the  measurement  of  M.  melitensis).  It  also 
proves  that  in  all  probability  the  causative  agent  is  ultramicroscopic  in 
size,  for  the  reason  that  neither  in  fresh  nor  stained  blood  smears  nor 
in  the  filtrate  obtained  from  dengue  blood,  can  any  organism  be  demon- 
strated with  the  microscope.  It  may  be  possible  that  in  some  other  fluid 
or  organ  of  the  body,  or  in  some  phase  of  its  life  history  in  an  insect, 
the  organism  may  be  visible,  for  Novy,  in  his  work  upon  T,  lewiai,  has 
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proved  that  even  so  large  a  parasite  as  this  trypanosoma  may  exist  in  a 
form  so  small  in  cultures  that  it  passes  through  a  Berkefeld  filter.  While 
this  may  prove  to  be  true  as  regards  the  dengue  organism,  we  feel 
justified  in  stating,  that,  so  far  as  present  evidence  goes,  the  organism 
causing  dengue  is  ultramicroscopic  in  size.  This  conclusion  explains 
the  uniformly  negative  results  obtained  by  nearly  every  trained  observer 
in  the  search  for  a  dengue  parasite. 

We  conclude  that  an  organism  is  present  in  the  filtrate,  rather  than  a 
toxin,  because  of  the  length  of  the  period  intervening  between  inoculation 
and  the  appearance  of  clinical  symptoms,  and  also  because  we  have 
reproduced  the  disease  by  inoculation  of  the  blood  of  experimental  cases. 

The  distribution  of  the  virus  in  the  blood  was  the  subject  of 
careful  observations  by  Cleland,  Bradley,  and  McDonald  (1919). 
Through  the  inoculation  of  susceptible  persons  they  first  con- 
firmed the  findings  of  Ashburn  and  Craig  (1907)  that  the  virus 
is  present  in  the  blood.  Then  they  set  up  experiments  to  ascer- 
tain in  what  element  of  the  blood  the  virus  resides.  They  showed 
that  it  is  present  in  the  serum  of  clotted  infective  blood.  Three 
volunteers  received  subcutaneous  injections  of  washed  corpuscles 
from  cases  of  dengue.  The  corpuscles  were  obtained  by  with- 
drawing blood  from  a  vein  and  forcing  it  immediately  into  a 
solution  of  sodium  citrate  in  normal  saline  solution.  The  mix- 
ture was  centrifuged  and  the  corpuscles  rewashed  four  to  seven 
times.  Two  of  the  volunteers  injected  with  the  suspension  of 
washed  corpuscles  gave  negative  results  and  one  a  result  not 
quite  conclusive.  One  of  the  volunteers  giving  a  negative  result 
received  corpuscles  from  blood  taken  on  the  third  day  of  the 
disease  and  the  corpuscles  were  injected  within  twelve  hours. 
Serum  from  the  same  sample  caused  a  definite  attack  of  dengue, 
showing  that  the  blood  itself  was  infective.  The  other  negative 
case  received  corpuscles  from  blood  taken  on  the  fourth  day 
of  the  disease  and  injected  the  day  following  its  collection.  The 
citrated  plasma  in  this  case  also  gave  a  negative  result.  The 
volunteer,  who  was  possibly  positive,  was  injected  with  corpus- 
cles from  blood  taken  on  the  second  day  of  the  disease  and 
injected  the  following  day.  The  illness  was  a  mild  one,  begin- 
ning about  five  days  twenty  hours  after  the  injection.  The 
patient's  appearance  and  symptoms  were  those  of  a  person  with 
a  mild  attack  of  dengue. 

They  also  found  that  the  virus  may  be  present  in  the  blood 
as  early  as  eighteen  hours  and  as  late  as  ninety  hours  after  the 
onset  of  dengue.  It  was  not  found  in  the  blood  one  hundred 
thirty  and  one  hundred  ninety  hours  after  the  onset.  It  should 
be  pointed  out  that  the  last  results  were  obtained  through  the 
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inoculation  of  blood.  Compared  with  the  amount  of  virus  taken 
up  by  a  mosquito  the  quantities  used  were  enormous.  Infec- 
tion of  a  volunteer  might  result  from  the  injection  of  0.5  cubic 
centimeter  of  blood  taken  at  a  period  of  the  disease  when  rela- 
tively little  virus  remained  in  the  circulating  blood— too  little  to 
infect  a  mosquito,  except  by  the  merest  chance.  The  work  of  this 
board  indicates  that  mosquitoes  may  become  infected  from  a 
patient  during  the  period  beginning  a  few  hours  before  the 
onset  of  symptoms  and  through  the  second  day  of  the  disease. 
A  certain  proportion  may  become  infected  on  the  third  day,  but 
by  the  fourth  day,  or  subsequently,  infection  would  be  the  ex- 
ception. We  lack  information  concerning  the  presence  of  virus 
in  persons  whose  period  of  convalescence  is  greatly  protracted. 
Deductive  evidence  indicates  that  the  continuation  or  endemicity 
of  dengue  does  not  depend  on  carriers  of  the  virus. 

Cleland,  Bradley,  and  McDonald  (1919)  further  made  observa- 
tions upon  the  permanence  of  the  virus  outside  the  body.  In 
preserving  virus  blood  intended  for  injection  they  usually  kept 
it  in  the  refrigerator,  but  frequently  it  was  transferred  from 
the  laboratory  to  the  hospital  without  special  precautions.  In 
one  case  the  untreated  blood  was  held  in  the  refrigerator  for 
ninety-nine  hours  before  injection,  and  it  produced  typical 
dengue.  In  several  cases  the  virus  was  outside  the  body  forty- 
eight  hours,  and  in  one  seventy-two  hours. 

These  authors  have  reviewed  critically  the  work  of  Ashburn 
and  Craig  (1907)  upon  the  ffltrability  of  the  virus.  Their 
first  series  of  experiments  were  not  satisfactory,  in  that  they 
resulted  in  only  one  apparently  positive  case  and  several  negative 
results  from  the  injection  of  the  filtered  blood.  They  repeated 
the  work  later.  The  technic  used,  as  they  give  it  themselves 
(pages  228  and  230),  is  as  follows: 

The  filter  used  was  a  small  candle  about  six  inches  long  with  a  wall 
one-eighth  to  one-sixteenth  of  an  inch  thick  at  the  top,  the  inside  diameter 
at  the  top  being  ca.  one-third  of  an  inch.  The  filter  tapered  slightly  from 
top  to  bottom.  It  was  marked  "Chamberland  Sme.  Pasteur  B.  E.  S.  G.  D. 
C.  H.  B.  &  Cie,  Choisy-le-Roi,  BES  S.  G.  D.  B."  and  stamped  "Contro'le,"' 
and  on  the  bottom  **F."  It  is  what  is  known  as  the  Pasteur-Chamberland 
F.  Filter,  which  is  said  to  be  a  coarser  grade  than  the  B.  type. 

For  filtration,  previously  unused  candles  were  fixed  in  bored  rubber 
corks  into  the  neck  of  flasks  which  had  side  tubes.  The  whole  apparatus 
was  sterilised  by  steam  and  cooled,  and  then  attached  by  the  side  tube, 
which  was  plugged  with  cotton  wool,  to  the  rubber  pipe  leading  to  a 
water  pump.  The  cork  was  covered  with  melted  paraffin  to  be  sure  no 
leak  occurred.     The  material  to  be  filtered  was  run  into  the  candle  and 


48  The  Philippine  Journal  of  Science  1926 

the  pump  turned  on.  When  sufficient  material  had  been  obtained  the  plug 
was  removed  from  the  side  tube,  the  end  of  this  flamed  and  cooled,  or 
wiped  with  alcohol,  and  the  flask  tilted  and  the  filtered  material  run 
out  into  a  sterile  tube.  Generally  speaking  the  pressure  at  the  Health 
Department  Laboratory  is  not  good  and  the  later  filtrations  were  done 
at  the  Royal  North  Shore  Hospital  Laboratory. 

To  show  that  the  filters  used  did  not  admit  the  passage  of  ordinary 
bacteria,  the  practice  was  adopted  of  mixing  organisms  with  the  material 
to  be  filtered  and  testing  for  their  presence  by  culture  in  the  filtrate. 
All  the  cultures  remained  sterile. 

Our  results  indicate  that  the  dengue  virus  under  certain  conditions 
passes  through  the  Pasteur-Chamberland  F.  Filter,  which  at  the  same  time 
is  preventing  the  passage  of  ordinary  bacteria.  The  question  now  arises 
as  to  what  is  the  cause  of  the  failure  in  certain  experiments. 

Confining  ourselves  to  the  present  series  of  tests,  Case  19  may  be 
rejected  as  a  test  as  to  the  filtr ability  of  the  virus  for  reasons  given  above. 
In  the  negative  cases,  5,  7,  and  9,  however,  the  virus  was  almost  certainly 
present  in  the  blood  on  withdrawal  and  in  Cases  5  and  9  was  actually 
shown  to  be  present  in  the  unfiltered  blood  from  which  the  filtrate  was 
made. 

The  sojourn  outside  the  body  less  than  30  hours  in  any  of  the  cases, 
is  less  than  in  two  of  our  positive  filtration  cases  and  in  several  of  our 
non-filtration  positive  cases,  so  that  it  is  at  first  sight  hard  to  find  any 
ground  for  the  failure  of  these  cases.  It  is  most  unlikely  that  they  were 
all  immunes. 

The  three  unsuccessful  cases  were  obtained  with  filtered  blood  which 
before  filtration  contained  a  certain  amount  of  solid  material  and  the 
filtration  was  done  in  the  Department's  laboratory,  and  although  we  have 
no  precise  notes  on  the  matter,  the  filtration  was  certainly  slower  than 
in  the  later  cases,  including  three  successful  filtrations.  Of  the  later 
cases,  although  in  Case  13  filtration  was  also  performed  at  the  Depart- 
ment's laboratory,  the  filtration  took  place  rapidly,  the  fluid  being  free 
from  cellular  material.  In  Cases  15,  17  and  19  filtration  took  place  under 
better  pressure  conditions  at  the  North  Shore  Hospital  and  filtration  was 
more  rapid. 

We  therefore  conclude  that  the  failure  of  certain  of  our  cases  was 
due  to  slow  filtration  and  the  plugging  of  the  filter  pores  by  solid  material 
through  which  the  fluid  had  to  pass,  and  the  successful  cases  were  due 
to  the  more  rapid  filtration  brought  about  by  a  higher  water  pressure 
and  an  absence  of  solid  material. 

Among  the  most  remarkable  results  that  have  been  reported 
concerning  the  transmission  of  dengue  through  injection  of  blood 
are  those  of  Koizumi,  Yamaguchi,  and  Tonomura  (1918). 
They  state  that  5  cubic  centimeters  of  blood  from  a  patient  on 
the  third  day  of  the  disease  was  incubated  ten  minutes  and  cen- 
trifuged,  and  the  clear  serum  injected.  Infection  occurred  in 
five  days  twenty-two  hours.  They  report  that  blood  removed 
from  patients  up  to  the  sixth  day  of  the  disease  was  infective, 
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but  that  taken  on  the  eighth  day  was  not,  although  the  patients 
into  whom  it  was  injected  might  have  been  naturally  immune. 
They  attempted  to  ascertain  the  minimum  amount  of  the  virus 
blood  that  would  cause  the  disease  in  susceptible  persons.  The 
minimum  amount  they  found  to  be  infective  was  0.00005  cubic 
centimeter.  The  average  length  of  the  incubation  period  was 
one  hundred  thirty  hours.  In  two  cases  the  virus  blood  was 
treated  with  three  and  four  volumes  of  saline,  kept  at  room 
temperature  for  five  hours,  and  then  injected  into  volunteers 
with  positive  results ;  when  it  was  kept  for  five  days  in  the  ice 
chest,  however,  the  result  was  negative. 

They  also  made  experiments  upon  the  filtrability  of  the  virus 
and  had  one  successful  result  out  of  four;  they  state,  however, 
that  the  other  three  men  were  later  found  to  be  immune.  They 
add  the  comment  concerning  their  experiments  in  mosquito  trans- 
mission that  the  volunteers  were  not  under  observation  and  con- 
finement before  the  experiment  began,  and  for  that  reason  they 
do  not  consider  the  results  dependable.  It  is  unfortunate  that 
in  the  review  of  the  paper,  which  is  available  to  us,  no  informa- 
tion is  given  concerning  the  management  of  the  volunteers  who 
were  injected  with  virus  blood.  Some  of  the  results  are  so 
unusual  one  is  inclined  to  wonder  whether  or  not  the  other 
volunteers,  especially  those  who  received  tiny  fractions  of  a  cubic 
centimeter  of  blood,  were  completely  protected  from  outside 
infection. 

Chandler  and  Rice  (1923)  injected  blood  intravenously  into 
three  volunteers ;  the  dose  administered  was  1  cubic  centimeter. 
One  person  was  injected  with  blood  taken  from  a  patient  forty- 
four  hours  after  onset.  The  result  in  this  case  was  negative, 
but  the  volunteer  had  been  bitten  previously  by  two  batches  of 
mosquitoes,  with  negative  results.  The  presumption  that  he 
was  immune  seems  justified.  The  two  others  were  positive — in 
one  case  the  blood  was  withdrawn  four  and  a  half  hours  after 
onset;  in  the  other,  about  twenty-four  hours  after  onset.  The 
incubation  period  in  the  first  case  was  five  days  nineteen  hours ; 
in  the  second  case,  five  days  three  hours. 

Blood  counts. — Among  the  valuable  additions  to  our  knowledge 
of  the  clinical  characteristics  of  dengue,  recent  research  has 
brought  forward  the  fact  that  in  dengue  there  is  a  tendency  to- 
ward leucopenia,  and  in  individual  cases  the  number  of  leuco- 
cytes may  be  exceedingly  low.  At  the  same  time,  there  is  a 
relative  lymphocytosis. 
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THE  CAUSATIVE  AGENT 

The  etiology  of  dengue  is  the  subject  of  a  special  section  of 
this  report,  but  in  that  section  only  the  contributions  to  our 
knowledge  which  seem  to  be  of  suggestive  value  are  discussed, 
and  these  were  deliberately  not  considered  from  the  standpoint 
of  their  historical  interest.  We  now  feel  that  we  possess  some 
knowledge  concerning  most  of  the  important  problems  presented 
by  dengue,  but  with  regard  to  its  causative  agent  we  are  still 
ignorant.  Numerous  careful  and  painstaking  attempts  have 
been  made  to  identify  and  to  isolate  the  causative  microorgan- 
ism, but  so  far  the  results  have  been  negative. 

According  to  Hirsch  (1881),  Charles  (1873)  described  an 
organism  in  the  blood.  His  work  was  done  before  technical 
procedures  in  bacteriology  had  been  well  developed.  McLaughlin 
(1886),  who  worked  at  a  time  when  bacteriological  investiga- 
tions into  the  etiology  of  disease  were  bringing  such  rich  re- 
wards, had  to  make  use  of  methods  with  which  only  the  most 
careful  and  fortunate  workers  were  able  to  get  clean  results. 
The  skin  cocci  frequently  got  into  their  blood  cultures,  and  only 
the  study  of  adequate  controls  prevented  these  and  other  con- 
taminating bacteria  from  leading  the  investigators  astray. 
McLaughlin  was  apparently  the  first  to  think  the  tiny  round 
bodies  seen  in  fresh  and  stained  smears  of  the  blood  were  the 
etiological  agents  of  dengue.  He  thought  these  bodies,  which 
measured  one-twentieth  to  one-thirtieth  the  diameter  of  a  red 
corpuscle,  were  spherical  micrococci.  In  his  cultures  he  found 
similar  micrococci.  His  results  were  quite  naturally  taken  se- 
riously at  the  time ;  but,  apart  from  the  fact  that  some  workers 
are  still  finding  the  little  spherical  bodies  in  dengue  blood  and 
taking  them  seriously,  the  work  of  McLaughlin  is  purely  of  his- 
torical interest. 

Having  convinced  himself  that  the  mosquito  was  the  means 
by  which  the  disease  was  carried  from  one  person  to  another, 
Graham  (1904)  came  to  the  conclusion  that  the  causative  micro- 
organism must  be  located  in  the  circulating  blood.  In  the  hope 
of  finding  it,  he  examined  over  one  hundred  cases  of  dengue. 
Nowhere,  however,  does  he  say  anything  about  having  examined 
the  blood  of  persons  who  did  not  have  dengue.  Sometimes  the 
blood  was  taken  from  the  finger  tip,  but  frequently  it  was  also 
drawn  from  the  brightest  spots  of  the  eruptions.  He  states 
that  he  found  in  the  red  blood  corpuscles  an  organism  with 
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amoeboid    movement    in    many    ways    resembling    Plasmodium 
malariae.     He  says  of  it  (page  212)  : 

It  is  evidently  a  protozoon,  but  without  pigment,  and  in  this  it  differs 
from  the  Plasmodium  malariae.  It  is  true  that  Marchiafava  and  Celli 
have  discovered  and  carefully  described  an  unpigmented  quotidian  para- 
site, but  it  differs  so  in  its  life-story  that  it  need  not  for  a  moment 
be  confounded  with  this.  I  know  of  no  blood  parasite  which  resembles 
it  so  much  as  the  Pirosom^  bigeminum  (Boophilus  bovis).  It,  like  the 
Pirosoma,  is  mostly  ovoid  in  form  and  very  frequently  shows  a  sharply 
pointed  extremity  as  seen  in  the  parasite  of  Texas  fever.  Both  are 
unpigmented  forms,  but  the  haematozoon  of  the  dengue  has  not  the  divided 
form  which  has  given  the  name  bigeminum  to  the  Pirosoma, 

In  the  summer  of  1902,  Graham  began  a  series  of  experiments 
in  an  attempt  to  follow  the  parasite  through  the  definite  phases 
of  its  life  into  the  body  of  the  mosquito.  "These  experiments 
were  done  almost  wholly  ^  with  the  Culex  fatigans,  which  I  found 
in  every  way,  by  reason  of  its  habits,  verocity  [sic],  etc.,  a 
much  more  facile  insect  with  which  to  experiment."  Mosquitoes 
were  permitted  to  bite  dengue  patients  and  then,  every  day  sub- 
sequently, one  of  these  was  killed  and  carefully  examined.  The 
blood  of  the  stomach  was  found  to  contain  the  parasites  and  the 
changes  they  underwent  in  the  metamorphosis  were  observed 
to  be  similar  to  those  found  in  blood  drawn  directly  from  patients, 
although  it  appeared  to  him  that  development  in  the  stomach 
of  the  mosquito  was  more  rapid  than  in  the  patient.  He  never 
failed  in  any  of  the  cases  to  find  the  parasite  up  to  the  fifth  day 
after  the  mosquito  had  sucked  the  blood,  and  it  seemed  to  him 
that  the  parasite  was  detected  with  more  ease  and  certainty 
in  the  blood  of  the  stomach  of  the  mosquito  than  in  that  drawn 
directly  from  the  vein  of  the  patient.  Cases  in  which  the 
mosquitoes  drew  the  blood  early  in  the  attack  took  more  time 
to  develop  full-grown  spores  than  did  those  in  which  the  blood 
was  sucked  later. 

These  observations  were  made  with  such  apparent  care  that 
they  necessarily  attracted  widespread  attention,  and  numerous 
workers  spent  many  hours  investigating  the  validity  of  Graham's 
findings.  It  was  not  until  1910  that  anybody  else  found  it 
possible  to  agree  with  Graham,  and  such  agreement  as  was 
furnished  at  that  time  came  from  his  assistant,  Nagib  Ardati 
(1910) .  Ardati  says  that  about  sixty  hours  after  the  beginning 
of  an  attack  the  parasite,  which  he  calls  Haemximoeha  denguii, 

^  Italics  ours. 


52  The  Philippine  Journal  of  Science  1926 

seems  to  reach  its  maximum  size  and  begins  to  migrate  out  of 
the  erythrocytes,  usually  rupturing  them.  From  this  time  on, 
there  are  many  extracorpuscular  parasites  in  addition  to  those 
which  are  intracorpuscular ;  "the  extracorpuscular  parasites  look 
like  a  group  of  fine  granules,  arranged  more  or  less  in  circles, 
sometimes  two  or  three  of  them  lie  side  by  side,  each  of  them 
resembling  a  group  of  blood  platelets.  In  the  leucocytes  are 
often  found  small  granules  which  seems  to  show  that  the  par- 
asites were  taken  up  by  the  white  corpuscles.*' 

It  is  curious,  considering  the  number  of  careful  workers  who 
failed  to  confirm  Graham's  results,  and  who  called  attention 
clearly  to  the  fact  that  the  bodies  observed  by  him  were  probably 
artefacts  and  occurred  just  as  frequently  in  the  blood  of  normal 
persons,  that  this  assistant  of  Graham's  makes  no  statement  in 
his  report  that  he  had  examined  the  blood  of  normal  people, 
or  of  persons  suffering  with  other  diseases.  Unfortunately  this 
worker  is  not  the  last  who  has  based  his  report  upon  such  lack 
of  controls. 

Ashburn  and  Craig  (1907)  state  that  Klein  investigated  very 
carefully  the  report  of  the  presence  of  a  short  bacillus  in  the 
blood  of  dengue  cases;  his  conclusion  was  that  there  was  not 
sufficient  evidence  to  associate  this  organism  consistently  with 
the  disease;  that  Wright  was  unable  to  demonstrate  that  any 
organism  was  concerned  in  the  etiology  of  dengue;  and  that 
similar  reports  were  made  by  Crookshank  and  MacFadyen. 

Eberle  (1904)  examined  the  blood  of  Culex  fatigans  fed  on 
dengue  cases  and  thought  he  found  a  plasmamoebic  organism. 
He  examined  both  fresh  blood  and  stained  smears.  The  bodies 
he  reported  were  undoubtedly  vacuoles  and  artefacts.  The 
pictures  he  makes  do  not  look  very  much  unlike  those  shown 
by  Graham. 

Carpenter  and  Sutton  (1905)  examined  both  fresh  and  stained 
specimens  of  blood  from  cases  of  dengue  occurring  upon  the 
Isthmus  of  Panama.  They  used  various  blood  stains  as  well  as 
bacterial  stains,  without  being  able  to  demonstrate  either 
McLaughlin's  micrococcus  or  any  other  microorganism  in  the 
blood.  They  found  the  nonpigmented  bodies  of  Graham  in  un- 
stained specimens,  but  not  in  stained  ones.  They  also  found 
Graham's  Haemamoeba  denguii  in  the  blood  of  patients  suffering 
with  other  diseases.  In  mosquitoes  that  had  bitten  dengue 
patients  they  found  nothing  resembling  parasites. 
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Kieweit  de  Jonge  and  de  Haan  (1905)  made  most  careful 
examinations  of  the  blood  of  patients  in  Java,  but  without 
demonstrating  the  presence  of  any.  parasite. 

Guiteras  (1906)  made  careful  investigations  during  the  epi- 
demic in  Havana  in  1905.  He  examined  a  large  series  of  spec- 
imens of  blood  taken  during  all  stages  of  the  disease.  The  blood 
was  stained  by  various  methods,  but  no  structure  resembling 
a  parasite  could  be  found,  and  he  felt  that  Graham  was  mistaken 
in  regarding  his  organism  as  a  parasite. 

Agramonte  (1906)  likewise  studied  the  blood  of  dengue  pa- 
tients in  Havana,  and  found  it  impossible  to  find  any  parasite 
in  the  blood.  Stitt  (1906)  likewise  made  most  careful  examina- 
tibns  of  cases  which  occurred  at  Cavite,  Philippine  Islands.  He 
also  was  unable  to  demonstrate  the  presence  of  any  organism, 
either  protozoal  or  bacterial,  in  the  blood  of  his  patients. 

Reiche  (1906)  found  in  nearly  every  case  he  examined  very 
small  round  translucent  bodies  with  clearly  defined  edges.  They 
were  about  2  microns  in  diameter.  They  were  very  motile  and 
easily  found  with  a  i  objective.  They  were  not  in  the  erythro- 
cytes, but  often  on  them.  Reiche  apparently  considered  it  not 
worth  while  to  examine  the  blood  of  normal  persons  or  of  those 
suffering  with  other  conditions. 

Ashburn  and  Craig  (1907)  made  careful  examinations  of 
both  fresh  and  stained  preparations  of  blood.  They  were  famil- 
iar with  Jhe  failure  of  numerous  observers  to  confirm  the 
presence  of  McLaughlin's  or  Graham's  microoganisms,  and  also 
the  negative  results  that  had  been  met  viith  in  the  attempt  to 
find  parasites.  Nevertheless,  for  the  sake  of  the  completeness 
of  their  work,  they  felt  constrained  to  investigate  the  possibility 
of  identifying  the  etiologic  agent  of  dengue.  The  blood  was 
examined  every  day  during  the  disease,  especially  the  first  two 
days,  and  during  the  terminal  rise  in  temperature.  They  em- 
ployed various  staining  methods,  including  Wright's  stain  and 
the  methods  used  for  demonstrating  Treponema  pallidum,  "the 
latter  methods  were  used  very  carefully  and  in  numerous  cases, 
as  at  the  time  we  began  our  work,  we  were  greatly  inclined  to 
believe  that  the  organism  concerned  in  the  etiology  of  dengue 
might  belong  to  the  spirochaete.  We  have  not  been  able  to 
confirm  the  results  of  McLaughlin  or  Graham,  nor  have  we  been 
able  to  demonstrate  any  organism  in  the  blood  of  dengue  pa- 
tients which  we  can  consider  an  etiological  factor." 
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J.  C.  D.  Allen  (1906),  in  his  paper  on  the  epidemic  studied  by 
him,  stated  that  only  a  limited  number  of  patients  produced 
any  sputum;  however,  when  sputum  was  available  and  it  was 
examined,  it  revealed  at  the  height  of  the  fever  the  invariable 
presence  of  a  spirochaete.  Often  long  search  was  required  to 
find  it.  On  the  other  hand,  after  the  subsidence  of  the  fever, 
none  could  be  found.  There  is  no  evidence  that  Allen  looked 
for  mouth  spirochaetes  in  persons  who  did  not  have  dengue. 

In  the  course  of  their  attempts  to  produce  dengue  in  monkeys, 
Lavinder  and  Francis  (1914)  planted  various  quantities  of  blood 
from  all  their  cases  in  freshly  boiled  gluclose  broth  fermentation 
tubes.  Some  of  these  were  kept  at  room  temperature,  and  some 
at  37°  C,  for  several  days.  Even  with  the  most  careful  technic, 
growth  appeared  in  some  of  the  tubes,  but  they  felt  that  such 
growths  could  safely  be  considered  merely  contamination. 

Couvy  (1914,  1921),  in  Beirut,  found  short  slender  spiro- 
chaetes in  the  blood  of  patients  with  dengue.  These  spirochaetes 
were  very  slender,  having  two  or  three  turns  and  fine  extremi- 
ties. In  the  cases  examined  which  gave  positive  results,  the 
blood  was  taken  from  the  patients  one  or  two  hours  before  the 
beginning  of  the  fever.  Spirochsetes  have  never  been  seen 
during  the  course  of  fever,  nor  after  defervescence. 

Cleland,  Bradley,  and  McDonald  (1919)  regard  the  bodies 
described  by  Graham  as  artefacts.  In  discussing  the  distribution 
of  the  virus  in  the  blood  they  say  that,  although  the  vjrus  has 
been  shown  to  be  filtrable  (thus  showing  that  at  some  stage 
it  must  be  very  small),  the  possibility  of  an  endocorpuscular 
phase  of  a  microscopically  visible  size  is,  of  course,  not  excluded, 
^'although  we  have  examined  blood  from  dengue  cases  carefully 
a  number  of  times  with  unstained  preparations,  and  with  the 
ultramicroscope,  we  have  not  found  any  evidence  of  a  visible 
virus.*' 

Polymorphous  organisms  are  reported  to  have  been  found  by 
Holt  (1922)  in  the  blood  of  patients  and  inoculated  animals. 

The  careful  work  of  Chandler  and  Rice  (1923),  done  so 
recently,  makes  their  observations  of  more  than  passing  interest. 
Their  efforts  were  directed  chiefly  to  the  demonstration  of  a 
Leptospira.  Their  failure  to  find  any  such  organism  has  led 
them  to  draw  deductions  (pages  240  and  241)  which  we  believe 
should  be  quoted  here. 

In  view  of  the  consistently  negative  results  which  we  have  obtained 
in    our   search   for   a    Leptospira-like    organism   by   means    of    dark   field 
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examinations  of  fresh  blood  from  patients  and  from  inoculated  animals, 
and  by  means  of  cultural  methods  which  are  successful  with  known  species 
of  Leptospira,  we  consider  it  improbable  that  the  causative  organism  is 
of  spirochetal  nature.  This  conclusion  is  strengthened  by  a  number  of 
other  considerations.  Guinea-pigs  are  readily  susceptible  to  the  known 
kinds  of  Leptospira  (L.  icterohemorrhagiae,  L,  icteroides,  L.  hebdomadis), 
but  are  apparently  quite  immune  to  the  virus  of  dengue.  Moreover,  in 
all  the  known  Leptospira  diseases  (yellow  fever,  infectious  jaundice,  Jap- 
anese seven-day  fever),  the  liver  and  kidneys  are  the  organs  most  uni- 
formly and  injuriously  attacked,  resulting  in  jaundice  and  albuminuria, 
with  excretion  of  the  parasites  with  the  urine,  but  in  dengue  neither  the 
liver  nor  kidneys  are  ordinarily  attacked  in  uncomplicated  cases.  The 
fact  that  Cleland,  Bradley  and  MacDonald  were  able  to  produce  the  disease 
by  inoculation  of  blood  which  had  been  kept  in  an  ice  chest  for  as  long 
as  seven  days  also  argues  against  the  organism  being  a  Leptospira  since 
the  latter  is  extremely  short-lived  after  the  death  of  the  host,  especially  so 
in  the  case  of  Leptospira  icteroides  of  yellow  fever.  The  Leptospira  theory 
is  based  solely  on  the  supposed  relationship  between  dengue  and  yellow 
fever,  and  as  we  have  already  shown,  this  relationship  is  not  as  close  as 
commonly  assumed.  The  fact  that  Aedes  aegypti  is  the  principal  if  not 
the  only  transmitter  of  dengue  as  well  as  of  yellow  fever  can  hardly  be 
construed  as  an  important  argument  in  favor  of  the  close  relationship  of 
the  organisms  involved  in  the  two  diseases.  As  Noguchi  has  pointed  out, 
Aedes  aegypti  probably  owes  its  distinction  as  the  sole  carrier  of  yellow 
fever  to  the  fact  that  its  gut  offers  the  two  conditions  necessary  for  the 
growth  of  the  causative  organism;  namely,  sterility  so  far  as  bacteria  are 
concerned,  and  the  presence  of  at  least  minute  quantities  of  blood  or  serum 
for  food.  That  these  same  factors  might  favor  the  growth  of  other 
organisms,  not  necessarily  Leptospira,  is  by  no  means  improbable.  It  is 
of  interest  to  note  that  administration  of  arsphenamin  did  not  have  any 
effect  in  warding  off  an  attack  of  dengu.e.  Numerous  cases  developed  in 
patients  who  were  under  intensive  treatment  for  syphilis. 

Finally,  we  have  to  note  the  recent  work  of  Duval  and  Harris 
(1924).  This  work  is  discussed  in  the  section  on  etiology  and 
needs  no  further  comment  here. 

One  member  of  this  board  found  a  spirochsete-like  form  in 
the  blood  of  several  dengue  patients,  but  careful  work  with  the 
.blood  of  controls  demonstrated  that  this  form  has  nothing  to  do 
with  the  etiology  of  dengue. 

Animal  transmission. — In  the  older  literature,  there  are  nu- 
merous references  to  the  occurrence  of  a  similar  disease  among 
domestic  animals  during  epidemics  of  dengue.  This  was  thought 
by  some  observers  to  mean  that  these  animals  were  actually  in- 
fected by  the  same  virus.  In  view  of  the  results  of  careful 
laboratory  work  which  have  been  almost  constantly  negative, 
there  can  be  no  doubt  that  the  animals  were  suffering  from 
some  other  infection. 
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Lavinder  and  Francis  (1914)  attempted  to  reproduce  dengue 
in  the  monkey  by  the  inoculation  of  defibrinated  blood.  The 
following  is  quoted  from  their  report  (pages  343  and  346)  : 

To  this  end  we  secured  blood  from  the  arm  vein  of  cases  of  dengue  in 
various  stages  of  the  disease,  and  after  defibrination,  this  was  injected 
intravenously  and  subcutaneously  into  monkeys,  all  as  shown  in  the  table 
given  below.  The  blood  was  drawn  at  the  residence  of  the  patient  with  a 
glass  syringe,  expelled  into  a  large  tube,  defibrinated  by  carefully  stirring 
with  a  sterile  glass  rod,  brought  at  once  to  the  laboratory  and  put  in 
the  ice  chest  until  used.  For  use  it  was  filtered  through  gauze  to  get 
rid  of  clots.     All  the  monkeys  were  fresh,  healthy,  young  animals. 

Table  1. — Showing  cases  of  dengue  and  animals  inoculated. 


Cases 


E. — 4-5th  day  illness,  in  eruption 

R. — 3-4th  day  illness 

McA. — ^2-3d  day  illness 

S. — 4th  day  illness,  in  eruption  (?) 

W. — 2d  day  illness _ 

F. — 5th  day  illness,  in  eruption,  white 

blood  cells,  3,000. 
R2. — 3-4th    day    illness,    in    eruption; 

white  blood  cells,  5,900. 
V. — 3d  day  illness,  in  eruption;  white 

blood  cells  8,200. 


Quantity  blood  injected 


10  c.c.  intravenously;  3  c.c, 
intravenously. 

8  c.c.  intravenously 

6  c.c.  intravenously.. 

6.5  c.c.  intravenously 

5  c.c.  intravenously;  1  c.c. 
subcutaneously. 

5  c.c.  intravenously;  1  c.c. 
subcutaneously. 

6  c.c.  intravenously. 

10  c.c.  intravenously. 


Remarks 


Rhesus  9;  rhesus  14;  same 
blood  kept  24  hours  in 
ice  chest. 

Rhesus  10. 

Rhesus  16. 

Rhesus  23. 

Rhesus  25. 

Rhesus  24. 
Rhesus  71. 
Rhesus  73. 


To  summarize,  it  will  be  seen  from  the  above  that  we  injected  intra- 
venously and  subcutaneously  from  3  to  10  c.c.  of  defibrinated  blood  from 
each  of  eight  cases  of  dengue  into  nine  rhesus  monkeys.  The  blood  was 
used  within  two  to  six  hours  after  withdrawal  in  all  cases  but  one,  where 
it  was  kept  twenty-four  hours  in  the  ice  chest.  The  cases  from  which 
the  blood  was  drawn  were  all  carefully  selected  and  in  several  of  them 
the  diagnosis  was  confirmed  by  the  presence  of  the  characteristic  eruption 
at  the  time  of  bleeding.  All  the  animals  were  carefully  examined  each 
day  for  illness  of  any  kind  and  for  skin  eruptions  for  a  period  of  two 
weeks.  During  the  same  period  the  temperatures  of  all  were  recorded 
twice  daily.  They  all  remained  well  throughout  this  period  of  time  and 
showed  no  significant  deviations  of  temperature,  nor  was  there  any 
significant  skin   eruption   observed   in   any  of  them. 

From  our  work  we  feel  justified  in  concluding  that  if  dengue  is  con- 
veyable  to  the  rhesus  monkey  by  intravenous  or  subcutaneous  inoculation 
of  defibrinated  blood,  these  animals  do  not  show  the  disease  by  changes 
in  temperature,  appearance  of  skin  eruption  or  any  of  the  ordinary 
symptoms  of  illness;  further  that  it  is  doubtful  whether  they  show  any 
definite  and  characteristic  change  in  the  white  blood  cell  count,  but  the 
results  obtained  by  us  are  perhaps  sufficiently  suggestive  to  invite  fur- 
ther effort. 

Kraus  (1916)  attempted  to  infect  guinea  pigs  by  the  injection 
of  blood  from  patients.     The  guinea  pigs  during  the  eight  days 
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of  observation  subsequent  to  their  infection  showed  neither 
fever  nor  any  other  symptom  indicative  of  infection. . 

The  results  of  Koizumi,  Yamaguchi,  and  Tonomura  (1917) 
have  already  been  commented  upon.  These  investigators  found 
that  small  amounts  of  defibrinated  blood  from  dengue  patients 
gave  negative  results  when  injected  into  dogs,  rabbits,  white 
mice,  and  long-tailed  Formosan  monkeys.  Guinea  pigs,  how- 
ever, died  seven  to  thirty-six  days  after  injection.  Blood  from 
the  hearts  of  guinea  pigs  that  had  been  inoculated  fifteen  days 
previously  caused  the  death  of  other  guinea  pigs  after  five  to 
nineteen  days  when  injected  intraperitoneally  or  subcutaneously ; 
if,  however,  the  guinea-pig  blood  was  injected  intravenously, 
death  did  not  occur  in  the  second  series  until  the  twenty-eighth 
or  thirty-fourth  day.  The  infection  could  in  no  case  be  trans- 
ferred through  a  third  series. 

Cleland,  Bradley,  and  McDonald  (1919)  attempted  to  trans- 
mit the  virus  through  a  guinea  pig  to  a  human  being.  They 
took  blood  from  a  patient  twenty-two  hours  after  onset,  and  in 
the  afternoon  of  the  same  day  injected  0.25  cubic  centimeter 
subcutaneously  into  a  guinea  pig.  The  animal  remained  well 
and  in  the  morning  of  the  eighth  day  thereafter  it  was  bled  to 
death.  On  the  same  day,  2  cubic  centimeters  of  the  whole  blood 
of  the  guinea  pig  were  injected  into  a  volunteer.  The  result 
was  negative.  They  conclude  that  there  is  no  evidence  of  the 
survival  of  dengue  virus  after  seven  and  a  half  days  in  the 
guinea  pig,  nor  of  its  multiplication  in  this  animal.  They 
likewise  injected  guinea  pigs  and  rabbits  intraperitoneally  and 
subcutaneously  without  results.  They  made  sections  from  the 
organs  of  some  of  these  animals,  after  staining  by  both  iron 
hsematoxylin  and  eosin  and  by  Levaditi's  method.  The  tissues 
so  examined  showed  no  abnormalities.  Levaditi's  method  was 
used  in  the  hope  of  demonstrating  possible  spirochsete-like 
organisms.  This  experiment  was  undertaken  because  of  the 
results  obtained  with  epidemic  jaundice  in  France. 

Holt  (1923)  was  unable  to  produce  symptoms  in  guinea  pigs 
and  rabbits  by  the  injection  of  blood  of  dengue 'cases. 

Armstrong  (1923)  attempted  to  produce  dengue  in  guinea 
pigs,  rabbits,  white  rats,  and  rhesus  monkeys,  but  with  negative 
results.     He  says: 

Animals  were  injected  with  blood  taken  at  various  stages  of  the  disease 
(fifth  hour  to  convalescence).  The  animals  were  observed  for  from  eight 
to  thirty  days  in  various  cases.  In  no  instance  was  the  behavior  of  the 
injected  animals  different  from  that  of  the  controls.     Blood  counts  were 
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made  on  monkeys,  rabbits,  and  rats,  but  no  variations  deemed  significant 
were  not^d.  In  the  case  of  guinea  pigs,  however,  the  results  were  com- 
plicated by  an  epidemic  of  broncho-pneumonia  which  broke  out  among 
them  after  about  fifteen  days.  Controls  and  infected  animals  were  alike 
attacked. 

Armstrong  states  that  the  tissues  have  not  been  examined, 
and  that  the  experiments  will  be  made  the  subject  of  a  more- 
detailed  report. 

The  results  of  animal  inoculations  made  by  Chandler  and 
Rice  (1923,  pages  236  to  238),  as  given  by  themselves,  are  as 
follows : 

Animal  inoculations  were  tried  with  guinea-pigs,  white  mice,  and  a 
rhesus  monkey.  Fourteen  guinea-pigs  were  inoculated  intraperitoneally 
with  from  2  to  3  cc.  of  whole  blood  inmediately  after  it  was  drawn  from 
the  patient,  2  guinea-pigs  being  inoculated  simultaneously  from  each  of  7 
patients,  the  blood  being  taken  on  various  days  of  the  disease  from  the 
first  to  the  fifth.  In  all  cases  but  1  the  guinea-pigs  remained  perfectly 
well  during  the  period  of  observation  (three  to  four  weeks),  and  showed 
no  significant  rise  in  temperature.  One  guinea-pig  (No.  3)  inoculated  from 
a  patient  twenty-four  hours  after  onset,  appeared  slightly  sluggish  and 
indisposed  on  the  fifth  day,  with  a  temperature  of  102.2''  F.,  which,  how- 
ever, he  had  registered  before  inoculation.  This  pig  was  killed  and 
autopsied,  and  2  other  pigs  inoculated  intraperitoneally  with  its  blood, 
one  with  4  cc,  the  other  with  2  cc.  Neither  of  these  pigs  showed  any 
signs  of  illness,  or  any  lesions,  nor  were  any  pathological  conditions 
found  in  pig  3.  Inasmuch  as  Noguchi  (1919)  found  that  yellow  fever 
did  not  always  produce  a  typical  disease  in  guinea-pigs  until  the  first 
or  second  subinoculation,  we  drew  blood  from  the  heart  of  another  guinea- 
pig  (No.  6)  on  the  fifth  day  after  inoculation  with  a  patient's  blood 
taken  on  the  second  day  of  the  disease,  and  inoculated  1  cc.  intraperi- 
toneally into  pigs  19  and  20.  On  the  fifth  day  we  drew  heart's  blood  from 
pig  19  and  inoculated  it  in  like  manner  into  pigs  17  and  18,  but  in  all 
cases  with  negative  results.  The  blood  from  pigs  3,  6,  18,  and  19  was 
examined  under  a  dark  field  microscope,  but  with  negative  results. 

From  another  patient  2  guinea-pigs  were  inoculated  in  a  somewhat  dif- 
ferent manner.  One  cubic  centimeter  of  a  patient's  blood,  drawn  on  the 
second  day  of  the  disease,  was  diluted  with  1  cc.  of  heart's  blood  from 
a  guinea-pig  by  immediately  plunging  the  needle  containing  the  patient's 
blood  into  the  pig's  heart  and  withdrawing  enough  blood  to  make  2  cc. 
In  one  of  these  pigs  (unanaesthetized)  1  cc.  of  the  mixture  was  reinjected 
into  the  heart,  the  remaining  1  cc.  being  inoculated  intraperitoneally. 
In  the  other  pig,  which  was  under  ether  anaesthesia,  the  same  procedure 
was  followed  except  that  the  intraperitoneal  injection  was  not  made,  the 
second  1  cc.  of  blood  being  discarded.  Both  of  these  pigs  remained  well, 
but  thirty-one  days  later  6  cc.  of  blood  was  withdrawn  from  each  of  them 
to  lower  their  vitality  (Japanese  investigators  found  that  guinea-pigs 
succumbed  in  from  seven  to  thirty-six  days),  but  this  had  no  effect. 

It  occurred  to  us  that  it  might  be  possible  to  produce  infection  in 
guinea-pigs  by  using  a  very  small  quantity  of  blood,  thus  carrying  over 
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fewer  antibodies,  if  these  were  present.  Noguchi  (1919)  apparently 
found  that  such  antibodies  were  a  factor  in  animal  inoculations  and  it 
was  evident  that  very  small  quantities  of  blood  were  sufficient  to  cause 
infection.  Koizumi,  Yamaguchi,  and  Tonomura  (1917)  state  that  0.00005 
mil.  was  found  to  be  infective  for  man.  To  test  this  point  we  withdrew 
0.1  cc.  of  blood  from  a  patient  in  the  second  day  of  the  disease  and  diluted 
it  with  a  guinea-pig's  heart's  blood  to  1  cc.  and  then  re-injected  0.02  cc. 
of  the  mixture  into  the  heart,  thus  inoculating  0.002  cc.  of  patient's  blood 
if  the  mixture  had  been  perfect,  but  in  all  probability  the  pig  received 
considerably  less  than  this  of  the  patient's  blood.  This  pig  also  remained 
well.  Furthermore,  65  guinea-pigs,  of  all  ages,  were  housed  in  an 
outdoor  pen  during  the  entire  summer  and  fall,  where  yellow  fever  mos- 
quitoes swarmed.  Only  one  became  ill,  and  three  days  later  died  from  a 
respiratory  infection.  These  pigs  were  freely  bitten,  even  tormented,  by 
the  mosquitoes,  and  the  percentage  of  dengue  in  that  district  was  high. 

These  results  with  guinea-pigs  are  in  harmony  with  results  obtained 
by  Cleland,  Bradley,  and  McDonald  (1919)  in  Australia,  who  inoculated 
a  non-immune  human  being  with  2  cc.  of  blood  drawn  from  a  guinea-pig 
on  the  seventh  day  after  inoculation  with  dengue  blood,  with  negative 
results.  There  is,  however,  no  corroboration  of  the  work  of  Koizumi, 
Yamaguchi,  and  Tonomura  (1917)  who  state  that  small  amounts  of  de- 
fibrinated  dengue  blood  were  lethal  to  guinea-pigs  in  from  seven  to  thirty- 
six  days,  and  that  blood  taken  from  pigs  inoculated  fifteen  days  pre- 
viously was  lethal  to  other  pigs  in  from  five  to  nineteen  days  when 
inoculated  intraperitoneally  or  subcutaneously,  and  in  from  twenty-eight 
to  thirty-four  days  if  inoculated  intravenously,  while  the  third  transfers 
were  negative.  It  is  significant  that  in  an  earlier  paper  Yamaguchi, 
Ditsumi,  and  Tonomura  (1916)  state  that  inoculations  into  guinea-pigs 
were  without  results.  We  conclude,  therefore,  that  guinea-pigs  are  not 
susceptible  to  dengue  organisms. 

We  inoculated  6  white  mice  with  about  0.5  cc.  each  of  fresh  citrated 
dengue  blood  taken  on  the  third  day  of  the  disease.  With  the  exception 
of  one  mouse  which  died  during  the  inoculation  all  of  the  mice  remained 
perfectly  well.     Rats  were  not  available  for  experimental  work. 

We  inoculated  a  young  rhesus  monkey  with  about  5  cc.  of  citrated 
dengue  blood,  drawn  on  the  third  day  of  the  disease,  about  two  hours 
after  the  blood  was  taken.  Although  the  monkey,  according  to  his  keeper, 
appeared  to  be  chilly  and  unusually  morose  on  the  third  and  fourth  days 
after  inoculation,  he  showed  no  significant  rise  in  temperature.  On  the  fifth 
day  he  showed  a  fine  papular  rash  on  the  chin  and  throat,  which,  however, 
we  do  not  think  was  a  manifestation  of  dengue.  No  other  symptoms 
were  observed  and  we  are  inclined  to  think  that  the  inoculation  had 
negative  results,  as  did  those  of  Lavinder  and  Francis  (1914) ;  at  any 
rate,  it  was  very  doubtfully  positive. 

Harris  and  Duval  (1924)  reported  studies  made  upon  a  group 
of  guinea  pigs.  The  results  were  complicated  by  the  existence 
of  infection  with  one  of  the  paratyphoid  group  of  microorgan- 
isms. Their  results  are  sufficiently  commented  upon  in  the 
section  on  etiology. 
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We  have  investigated  the  possibility  that  the  virus  may  remain 
or  multiply  in  the  blood  of  hogs.  Four  young  animals  were 
secured  and  held  in  quarantine  for  at  least  two  weeks;  blood 
counts  were  made  frequently  during  this  period.  Two  were  in- 
jected intravenously  with  the  virus  blood  from  two  early  cases 
of  experimentally  produced  dengue.  Each  hog  received  about  10 
cubic  centimeters  of  virus  blood  intravenously.  One  week  later 
these  two  hogs  were  bled  and  the  blood  was  mixed  and  injected 
immediately  into  the  other  two  hogs,  these  likewise  each  re- 
ceiving about  10  cubic  centimeters.  The  latter  two  animals 
were  bled  one  week  after  their  injection,  and  the  blood  was 
brought  to  Manila  from  the  serum  laboratory  of  the  Bureau  of 
Science  at  Alabang,  and  0.5  cubic  centimeter  was  injected  into 
two  susceptible  volunteers.  Neither  of  these  showed  the  slight- 
est symptoms  of  dengue.  Blood  counts  made  subsequent  to  the 
injections  into  the  hogs  showed  no  significant  changes. 

SUMMARY   AND   CONCLUSIONS 

1.  Yellow  fever  and  dengue,  in  the  mechanism  of  their  trans- 
mission, are  practically  identical,  and  the  transmitting  agent 
for  both  is  Aedes  aegypti.  These  facts  suggest  that  the  his- 
tory of  dengue  is  likewise  closely  associated  with  the  history 
of  yellow  fever.  If  this  should  be  true,  a  study  of  the  history 
of  yellow  fever  might  reveal  evidence  of  the  existence  of  den- 
gue in  earlier  times  in  regions  where  yellow  fever  is  known 
to  have  prevailed. 

2.  A  search  of  the  sources  available  has  shown  that  yellow 
fever  existed  in  tropical  America  prior  to  the  first  voyage  of 
Columbus,  and  early  reports  of  the  epidemics  that  occurred  in 
yellow  fever  areas  indicate  that  dengue  did  exist  at  an  early 
period,  but  was  not  always  clearly  differentiated  from  the  more 
serious  disease  to  which  it  is  related. 

3.  As  a  result  of  our  historical  research  we  have  formulated 
the  hypothesis  that  dengue,  as  well  as  yellow  fever,  originated 
in  tropical  America. 

4.  The  earliest  epidemics  of  dengue  of  which  we  have  accurate 
reports  occurred  in  widely  separated  parts  of  the  globe— Java 
1779;  Cairo,  Egypt,  1779;  and  Philadelphia,  United  States,  178o! 

5.  The  account  of  Benjamin  Rush,  describing  the  1780  epi- 
demic in  Philadelphia,  is  so  clear  there  can  be  no  doubt  as  to 
the  identity  of  the  disease.  His  description  is  lucid  and  cor- 
responds closely  with  the  symptoms  of  dengue  as  we  have  seen 
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them  in  Manila.     There  is  a  possibility  that  the  epidemics  in 
Java  and  in  Egypt  were  not  dengue. 

6.  Following  these  reports,  epidemics  of  dengue  were  studied 
in  all  parts  of  the  tropical  world,  and  also  in  cooler  climates 
to  which  the  disease  and  the  mosquitoes  had  been  transported. 
7.  The  studies  of  epidemics  established  the  symptomatology 
and  revealed  the  fact  that  relapses  in  dengue  are  not  uncommon ; 
recurrences  are  comparatively  frequent,  and  a  certain  number 
of  persons  suffer  several  attacks.  In  addition,  from  evidence 
accumulated,  the  rapidity  of  the  spread  of  dengue  is  possibly 
second  only  to  that  of  influenza. 

8.  Although  mosquitoes  had  been  suspected  as  the  transmit- 
ting agents  of  dengue,  it  remained  for  Graham  to  demonstrate 
that  these  insects  actually  do  transmit  the  infection. 

9.  The  work  of  Ashburn  and  Craig,  of  Cleland,  Bradley,  and 
McDonald,  and  of  Chandler  and  Rice  added  to  our  information 
concerning  mosquito  transmission.  The  last  two  groups  of 
authors  suggested  that  the  evidence  indicated  that  Aedes  aegypti 
is  the  transmitting  agent. 

10.  The  work  of  this  board  has  shown  conclusively  that  Aedes 
aegypti  is  the  transmitter  of  dengue,  and  that  Culex  quinque- 
fasciatus  is  not. 

11.  Ashburn  and  Craig  were  the  first  to  show  that  the  dengue 
virus  is  contained  in  the  circulating  blood,  and  they  were  the 
first  investigators  to  demonstrate  that  the  cause  of  dengue  is  a 
filtrable  virus. 

12.  Cleland,  Bradley,  and  McDonald  made  important  studies 
upon  the  distribution  of  the  virus  in  the  blood  showing  that  it 
is  present  in  all  elements  of  the  blood,  although  they  suspect 
that  it  is  attached  merely  to  the  erythrocytes;  they  found  that 
the  virus  was  present  in  the  blood  up  to  ninety-nine  hours  after 
onset,  and  that  the  drawn  blood  retained  its  infectivity  for 
seven  days  if  kept  in  the  ice  chest. 

13.  Carpenter  and  Sutton  first  called  attention  to  the  leuco- 
penia,  which  is  a  fairly  constant  symptom  of  dengue. 

14.  All  attempts  to  transmit  dengue  to  the  lower  animals 
have  resulted  in  failure  to  obtain  clear-cut  indications  of  in- 
fection. 

15.  The  work  of  this  board  has  shown  that  the  Aedes  mos- 
quitoes transmit  dengue;  that  they  become  infective  by  biting 
a  patient  during  a  period  beginning  a  few  hours  before  the 
first  symptoms  and  up  to  the  end  of  the  second  day.     Infec- 
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tion  of  the  mosquitoes  is  more  or  less  uncertain  after  that  time. 
Having  taken  the  blood  of  the  patient,  the  mosquito  becomes 
infective  only  after  the  tenth  day  and  retains  its  infectivity 
probably  throughout  the  rest  of  its  life. 

16.  CKnical  observations  with  regard  to  the  uncertainty  of 
immunity  to  dengue  has  been  experimentally  confirmed.  Na- 
tives of  areas  in  which  dengue  is  endemic  are  immune,  but 
their  immunity  is  believed  to  be  acquired  and  not  natural. 

17.  Carefully  controlled  studies  to  identify  and  attempts  to 
isolate  the  causative  microorganism  of  dengue  have  so  far  not 
been  successful. 

TRANSMISSION  OF  DENGUE  BY  MOSQUITOES,  I 
INTRODUCTION 

Before  beginning  the  experimental  work  on  transmission  of 
dengue  by  mosquitoes,  the  results  of  which  are  to  be  presented 
in  this  report,  it  was  necessary  to  plan  and  prepare  the  equip- 
ment and  to  provide  means  by  which  pertinent  materials  of 
all  kinds  would  be  available  when  required.  After  deciding 
upon  the  scope  of  the  investigations  to  be  undertaken,  detailed 
consideration  was  given  to  those  matters  which  concerned  di- 
rectly the  mosquitoes  to  be  used  in  the  studies  on  the  one 
hand,  and  the  human  subjects  on  the  other.  For  the  mos- 
quitoes, decision  was  made  with  regard  to  the  species  to  be 
experimented  with,  the  methods  of  their  procurement,  and  spe- 
cifications for  cages  and  other  containers  to  be  used  for  their 
breeding  and  for  maintaining  and  storing  the  adults.  For  the 
volunteer  human  subjects,  consideration  was  given  to  the  method 
of  procurement  and  the  qualifications  to  be  met  by  them. 
Finally,  a  mosquito-proof  ward  for  the  isolation  of  experimental 
subjects  was  constructed  and  strict  rules  laid  down  for  its 
administration. 

In  Part  I  of  this  section  the  above-mentioned  features  of  the 
investigation  are  considered;  the  actual  experimental  work  and 
conclusions  drawn  therefrom  are  dicussed  in  Part  II. 

The  plan  for  every  experiment  was  first  submitted  to  all 
members  of  the  board  for  their  constructive  criticism  or  for  fur- 
ther elaboration,  and  the  experiment  was  finally  initiated  after 
agreement  on  the  method  of  procedure. 

Much  time  was  consumed  in  the  work,  due  primarily  to  the 
fact  that  the  results  would  be  more  clear-cut,  it  was  felt,  if  only 
one  phase  of  the  problem  were  considered  at  a  time.  Inci- 
dentally, a  large  number  of  suitable  volunteers  could  not  have 
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been  obtained  at  one  time,  unlimited  ward  space  was  not  available, 
and  simultaneous  concentration  on  several  phases  of  the  prob- 
lem would  have  necessitated  the  use  of  enormous  numbers  of 
mosquitoes. 

The  actual  experimental  work  with  volunteers  was  not  begun 
until  August,  1924,  and  was  completed  in  March,  1925,  a  pre- 
liminary period  of  approximately  four  months  having  been 
required  for  the  development  of  efficient  mosquito-breeding 
methods  and  for  the  completion  of  preliminary  arrangements. 

The  personnel  engaged  directly  in  the  transmission  work 
consisted  of  one  member  of  the  board,  part  time  (Siler),  in 
general  charge  of  investigations;  one  technical  assistant,  full 
time  (Rhodes),  in  general  charge  of  mosquito  breeding  and 
handling  of  experimental  biting;  one  technical  assistsfnt,  full 
time  (Reyes),  in  charge  of  breeding  Aedes  aegypti  Linnaeus; 
one  technical  assistant,  full  time  (Tanga),  in  charge  of  breeding 
Culex  quinquefasciatus  Say;  one  secretary,  part  time,  in  charge 
of  records;  one  member.  Army  Nurse  Corps  (Second  Lieu- 
tenants Nichols  and  Carter,  successively),  in  charge  of  the  ex- 
perimental ward;  two  members,  Medical  Department  Detach- 
ment, Sternberg  General  Hospital,  ward  assistants,  experimental 
ward  (day  duty)  ;  one  member.  Medical  Department  Detachment, 
Sternberg  General  Hospital,  ward  master,  experimental  ward 
(night  duty). 

Of  the  seven  individuals  engaged  in  the  investigation  (ex- 
cluding the  officer  in  charge  and  the  secretary),  three  were 
required  for  laboratory  duties  and  four  for  duty  in  the  ex- 
perimental ward.  In  conducting  investigations  of  a  like  nature 
provision  should  be  made  for  at  least  one  technical  assistant  in 
excess  of  actual  requirements,  to  meet  temporary  emergencies 
arising  through  illness  or  other  cause. 

The  experimental  ward  at  Sternberg  General  Hospital  is  ap- 
proximately 2  kilometers  distant  froni  our  laboratories  at  the 
Bureau  of  Science,  and  the  transportation  used  was  one  calesa, 
(two-wheeled,  horse-drawn,  passenger  vehicle) .  Privately 
owned  transportation  was  used  to  a  very  considerable  extent. 
In  organizing  a  similar  investigation  it  would  be  necessary  to 
make  provision  for  one  motor-driven  passenger  car. 

At  the  peak  of  our  experimental  work,  we  used  four  breeding 
and  reserve  cages,  sixteen  small  breeding  cages,  forty-two  biting 
cages,  seventy-two  breeding  jars,  and  sixteen  breeding  trays. 
Descriptions  of  this  equipment  will  be  found  in  succeeding  pages. 
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The  sum  of  1,000  pesos  ^  more  than  sufficed  to  cover  the  cost 
of  incidentals  of  this  nature  over  a  period  of  twelve  months. 

Each  individual  who  volunteered  for  the  transmission  experi- 
ments was  allowed  a  gratuity  of  25  pesos. 

The  Military  Service  proved  to  be  an  ideal  organization  for 
the  conduct  of  these  investigations  for  the  following  reasons: 
A  research  board  existed  for  the  prosecution  of  the  work ;  ward 
facilities  were  available  in  a  military  hospital  for  the  prosecution 
of  the  experiments  with  human  subjects;  and  commanders  of 
all  grades  cooperated  with  us  whole-heartedly  in  securing  vol- 
unteers from  military  commands. 

SCOPE  OF  EXPERIMENTAL  WORK 

The  initial  basic  transmission  experiments  were  planned  with 
two  definite  aims  in  view;  namely,  confirmation  of  previous 
experiments  relative  to  the  transmission  of  dengue  fever  by 
Aedes  (Stegomyia)  aegypti  Linnaeus,  and  incrimination  or  elim- 
ination of  Culex  qninqnefasciatus  Say  (C.  fatigans  Wiedemann) 
as  a  transmitting  agent. 

These  two  points  having  been  settled  to  the  satisfaction  of  the 
board,  it  was  possible  to  initiate  a  further  series  of  experiments 
having  for  their  purpose  the  discovery  of  the  exact  mechanism 
of  transmission  of  dengue  by  mosquitoes. 

CAGES   AND    OTHER    EQUIPMENT   USED    IN    BREEDING    AND    STORING 
STOCKS   OF   MOSQUITOES 

Breeding  containers  for  larvx  and  quality  of  water  u^ed 
therein, — After  working  with  several  kinds  of  breeding  contain- 
ers, the  type  finally  selected  for  Aedes  breeding  was  a  screw-top 
glass  fruit  jar  of  1,000  cubic  centimeters  capacity  (Mason  type), 
and  for  Culex  breeding,  a  rectangular  pan  (photographic  de- 
veloping tray). 

Boiled,  distilled,  and  tap  water  were  experimented  with  as 
stock  breeding  solutions,  and  tap  water  gave  the  best  results. 

The  water  supply  for  Manila  is  obtained  from  the  head- 
waters of  Mariquina  River,  near  Montalban,  approximately  25 
kilometers  from  the  city.  Chemically,  the  quality  of  the  water 
is  good,  as  is  evident  from  the  analyses  incorporated  in  the 
Appendix  to  this  series  of  reports. 

The  water  is  somewhat  hard,  the  mineral  content  is  low,  and 
usually  it  has  slight  turbidity   (clay  and  silt).     The  water  is 

•  One  peso  is  equivalent  to  50  cents  United  States  currency. 
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chlorinated,  and  the  report  on  chlorine  content   (Table  1)   is 
typical  of  analyses  usually  reported. 

Table  1. — Examination^  of  Manila  water ^  for  free  chlorine. 

[Date  of  examination,  January  9,  1924.] 

Chlorine,   parts 
Time.  per  million. 

8.30  a.  m.  0.4 

12.00  m.  0.2 

2.00  p.  m.  0.3 

4.00  p.  m.  0.35 

•  Analysis   by   E.    Taylor,   chemist.   Bureau   of    Science, 
to  Turbidity,  5.0    (aa  parts  per  million  of  silica). 

Varying  amounts  of  water  were  used,  and  the  optimum  was 
found  to  be  250  cubic  centimeters,  giving  a  depth  of  38  milli- 
meters. It  was  found,  however,  that  losses  by  evaporation  gave 
rise  to  a  somewhat  unfavorable  environment,  and  as  a  matter 
of  routine  the  water  was  kept  at  a  constant  level  (38  milli- 
meters)  by  replenishment  every  two  or  three  days. 

The  breeding  jar  for  Aedes  is  illustrated  in  Plate  1,  fig.  1. 

A  large  circular  opening  was  cut  in  the  metal  top  of  the  jar 
and  over  this  was  placed  fine  netting  strapped  on  with  adhesive 
plaster  (see  Plate  1,  fig.  1).  This  modification  assured  free 
circulation  of  air.  As  the  jar  was  made  of  clear  glass,  an 
unobstructed  view  of  its  contents  was  permitted. 

For  Culex  mass  breeding,  if  large  numbers  of  insects  are 
required,  as  was  the  case  in  these  investigations,  any  kind  of 
basin  that  will  hold  an  ample  supply  of  water  will  answer  the 
purpose,  provided  it  is  white  so  as  to  facilitate  observation  of 
the  larvae,  and  provided  the  depth  of  the  breeding  solution  is  at 
least  38  millimeters. 

In  our  Culex  breeding  work,  we  used  a  white  enamel^  rec- 
tangular, photographic  developing  tray,  30.4  by  35.5  by  5.08 
centimeters,  illustrated  in  Plate  1,  fig.  2. 

Into  this  tray  were  placed  2,000  cubic  centimeters  of  water, 
and  a  constant  level  was  maintained.  The  area  of  surface  ex- 
posed to  evaporation  is  large,  and  it  was  found  to  be  particularly 
important  to  keep  the  water  level  constant  by  additions  at 
frequent  intervals  (every  two  or  three  days).  Close  attention 
to  this  point  impressed  us  as  being  of  considerably  greater  im- 
portance in  Culex  breeding  than  was  the  case  with  Aedes. 

Breeding  cages. — Two  types  of  breeding  cage  were  used,  one 
for  the  storage  of  adult  male  and  female  Aedes  for  egg-laying 
purposes,  and  the  other  for  the  collection  of  adult  mosquitoes 
as  they  emerged  from  the  pupa  cases. 
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The  type  of  storage  cage  used  for  egg-laying  purposes  is 
shown  in  Plate  2,  figs.  1  and  2.  This  cage  was  28  inches  long, 
22  inches  wide,  and  22.5  inches  high  (approximately  71  by 
56  by  57  centimeters) .  The  framework  and  floor  were  of  wood. 
One  end  was  constructed  of  wood,  with  a  sliding  wooden  door 
(35.5  centimeters  long  by  31.75  wide)  to  permit  the  introduc- 
tion of  a  cage  containing  a  rabbit  or  a  guinea  pig.  (Blood 
feeding  on  laboratory  animals  was  found  to  be  unsatisfactory 
in  our  work,  and  this  door  was  permanently  closed.)  The 
front  was  clear  glass  (to  permit  unobstructed  observation) 
and  the  back,  top,  and  remaining  end  were  covered  with  fine 
netting.  Near  the  bottom  in  the  back  of  the  cage  was  an 
opening  (see  Plate  2,  fig.  2),  6  inches  (15.24  centimeters) 
square,  to  which  was  attached  a  sleeve  made  of  netting  and 
through  this  sleeve  jars  for  egg  laying  and  for  mosquitoes  were 
introduced  and  withdrawn  and  food  was  supplied.  The  inside 
of  the  cage  was  painted  white  to  facilitate  observation  of  the 
adults. 

The  type  of  cage  used  for  the  collection  of  adults  as  they 
emerged  is  shown  in  Plate  3,  fig.  1.  These  cages  were  17.5 
inches  long,  14.5  wide,  and  13  high  (approximately  45  by  37 
by  33  centimeters) .  The  framework  was  of  wood,  with  a  floor  of 
light  wood  or  fiber  board.  The  covering  was  a  fine  netting  and 
the  opening  into  the  cage  was  through  a  net  sleeve.  The  in- 
side of  the  framework  was  painted  white. 

Cages  tcsed  for  experimental  biting. — These  cages  are  illus- 
trated in  Plate  3,  fig.  2.  They  were  20  inches  long,  12  inches 
wide,  and  12  inches  high  (approximately  50  by  31  by  31  centi- 
meters). The  frame  was  made  of  light-weight  wood  painted 
white,  to  facilitate  counting  the  lots  of  mosquitoes.  It  was 
covered  with  closely  woven  netting,  and  access  to  the  interior 
was  through  a  sleeve  of  net,  12  inches  in  length  (about  31  cen- 
timeters) .  The  sleeve  was  closed  with  a  draw  string.  The  net- 
ting was  stretched  smoothly  over  the  frame  and  held  in  place 
with  cotton  tape  tacked  to  the  frame  (see  Plate  3,  fig.  2).  If 
this  detail  in  construction  is  neglected  there  are  likely  to  be 
small  spaces  between  the  netting  and  the  framework  into  which 
mosquitoes  can  make  their  way,  become  entangled  in  the  mesh, 
and  die  or  inadvertently  be  crushed. 

Storage  cages  for  reserve  stocks  of  mosquitoes, — The  type  of 
cage  used  for  this  purpose  was  identical  with  that  used  for 
the  storage  of  male  and  female  Aedes  during  the  egg-laying 
period  (see  Plate  2,  figs.  1  and  2). 
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Type  of  netting  used  to  cover  cages. — Great  difficulty  was 
experienced  in  securing  a  suitable  type  of  netting  for  use  in 
covering  the  various  types  of  cages.  We  first  used  a  bobbinet 
(approximately  12  meshes  to  the  inch),  approximating  in  qual- 
ity that  specified  for  mosquito  nets  used  by  the  Medical  Depart- 
ment of  the  Army  in  its  hospitals.  The  stocks  of  such  net  in 
Manila  were  small,  and  were  quickly  exhausted.  It  then  became 
necessary  to  resort  to  the  next  best  quality  available.  Experi- 
ments in  shrinking  the  material  gave  us  a  net  with  appoximately 
12  meshes  to  the  inch. 

Shrunken  netting  was  used  on  a  number  of  cages  but  proved 
to  be  unsatisfactory  for  our  purposes.  Several  lots  of  infected 
mosquitoes  stored  in  these  cages  began  to  be  checked  short 
and  the  two  persons  (Siler  and  Rhodes)  most  closely  and  most 
intimately  in  contact  with  them  became  infected  with  dengue 
fever.  There  is  no  doubt  in  our  own  minds  that  the  infections 
were  acquired  in  the  laboratory  and  were  due  to  infected  mos- 
quitoes that  had  escaped  through  the  netting. 

It  was  necessary  to  secure  a  more  finely  meshed  netting 
immediately,  and  the  kind  used  in  making  women's  dresses  was 
selected  (see  Plate  4,  figs.  1  and  2).  It  is  about  91.5  centi- 
meters in  width,  h^s  approximately  16  meshes  to  the  inch,  and 
the  retail  price  in  Manila  was  2  pesos  a  meter.  This  netting 
was  placed  on  all  cages  (reserve,  breeding,  biting,  etc.)  used 
by  us,  and  subsequent  to  that  time  no  losses  by  escape  through 
the  net  occurred,  provided  the  mosquitoes  were  approximately 
normal  in  size. 

In  the  late  stages  of  the  work  (February,  1925)  some  dif- 
ficulty was  experienced  for  a  short  time  in  breeding  out  normal- 
sized  adults,  and  occasionally,  when  it  became  necessary  to 
use  rather  small  mosquitoes,  we  checked  shortages  in  a  few 
lots.  The  small  mosquitoes  may  have  escaped  through  even 
this  fine  mesh. 

Slight  defects  were  found  in  all  lots  of  cotton  netting,  and 
before  newly  constructed  cages  were  put  into  use  they  were 
minutely  inspected  and  openings  closed  with  small  squares  of 
adhesive  plaster.  The  best  quality  of  the  finer-meshed  bobbinet, 
used  commercially  in  the  manufacture  of  mosquito  nets,  will 
prevent  the  escape  of  Culex  quinquefasciatus  and  large-sized 
Aedes  aegypti;  but,  in  the  conduct  of  experimental  work  in 
mosquito  transmission,  we  consider  it  essential  that  very  fine 
netting,  approximately  16  to  20  meshes  to  the  inch,  be  used  in 
the  construction  of  all  types  of  cages. 
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SPECIES   OF  MOSQUITOES  SELECTED   FOR   TRANSMISSION  EXPERIMENTS  AND 
METTHOD  OF  THEIR   PROCUREMENT 

Species  of  mosquitoes  selected. — A  review  of  the  literature 
and  the  epidemiolGgical  observations  made  by  ourselves  and 
others  in  the  Philippines  convinced  us  that  here  only  two  species 
of  mosquitoes,  Aedes  (Stegomyia)  aegypti  Linnaeus  and  Culex 
quinquefaciatus  Say  (C.  fatigans),  are  worthy  of  consideration 
as  transmitting  agents.  Our  opinion  was  based  on  the  follow- 
ing considerations: 

The  geographic  distribution  of  dengue  throughout  the  world  coincides 
in  general  with  the  natural  habitat  of  A,  aegypti,  and  in  areas  of  dengue 
prevalence  C.  quinquefasciatus  is  found  in  abundance. 

Cleland  and  Bradley  of  Australia  have  pointed  out  (1918)  that  southern 
Australia  is  not  the  natural  habitat  of  Aedes  aegypti  and  that  dengue  fever 
never  prevails  there  in  endemic  or  epidemic  proportions,  whereas  in  the 
northern  parts  of  the  Australian  continent,  which  is  the  natural  habitat 
of  A.  aegypti,  frequent  epidemics  of  dengue  do  occur.  They  state  further 
that  normally  Culex  quinquefasciatus  is  found  throughout  Australia. 

Chandler  and  Rice  have  observed  (1923)  that  the  very  widespread 
epidemics  of  dengue  in  Texas  in  1922  coincided  with  the  unusual  prevalence 
of  Aedes  aegypti  mosquitoes  throughout  the  area  of  epidemicity. 

It  is  well  known  that  throughout  the  Philippine  Islands  the  two  species  of 
mosquitoes  most  commonly  noted  in  human  habitations  are  Aedes  aegypti 
and  Culex  quinquefasciatus.  This  statement  applies  particularly  to  the 
City  of  Manila  where,  for  a  number  of  reasons,  dengue  fever  prevails  much 
more  extensively  than  elsewhere  in  the  Islands. 

Mr.  W.  Schultze,  entomologist  of  the  Bureau  of  Science,  the  members 
of  our  board,  and  other  individuals  competent  to  judge,  have  observed 
on  innumerable  occasions  that  the  only  two  species  of  mosquitoes  con- 
stantly present  in  houses  in  Manila,  throughout  the  dengue  season,  are 
Aedes  aegypti  and  Culex  quinquefasciatus. 

During  the  1924  dengue  season,  in  cooperation  with  Maj.  H.  F.  Haz- 
lett,  commanding  the  Second  Battalion,  Thirty-first  Infantry,  Manila, 
mosquito-catching  details  were  organized,  and  mosquitoes  were  caught 
daily  in  the  barracks  of  each  company  of  his  battalion.  The  work  was 
carried  out  during  the  months  of  August  and  September  at  the  height 
of  the  dengue-fever  season,  when  dengue  was  occurring  frequently  in  the 
personnel  of  the  battalion.  The  experiment  was  initiated  as  a  preventive 
measure  and  as  Culex  quinquefasciatus  had  not,  at  that  time,  been  ex- 
cluded as  a  transmitter,  the  men  responsible  for  trapping  the  mosquitoes 
were  instructed  to  concentrate  on  the  trapping  of  all  blood-filled  female 
mosquitoes.  During  the  two  months  a  total  of  984  of  C  quinquefasciatus 
and  415  of  Aedes  aegypti  were  caught  and  84  per  cent  of  the  former  and 
19  per  cent  of  the  latter  were  blood-filled  females.  The  results,  insofar 
as  prevention  of  dengue  is  concerned,  were  inconclusive  and  the  experi- 
ment will  be  repeated  during  the  coming  dengue  season,  special  attention 
to  be  given  to  the  females  of  A.  aegypti.     The  explanation  for  the  higher 
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proportionate  catch  of  Culex  mosquitoes  is  that  these  are  less  difficult  to 
trap  and  most  of  them  were  caught  inside  mosquito  nets  in  the  early 
morning  hours  after  reveille. 

The  total  daily  catch  of  Culex  mosquitoes  ranged  from  3  to  66,  while 
that  of  Aedes  mosquitoes  varied  from  none  to  36.  Determination  of 
species  showed  an  overwhelming  preponderance  of  A.  aegypti  and  C. 
quinquefasciatus  throughout  the  period.  As  a  matter  of  fact,  other  spe- 
cies were  observed  only  occasionally.  For  two  days  (August  6  and  7), 
a  few  specimens  of  Mansonia  Blanchard  were  found  in  the  collections, 
and  occasionally  a  stray  Culex  of  a  species  other  than  C.  quinquefascmtus 
was  noted. 

Experiments  with  C.  quinquefasciatus  were  necessary  in  view  of  the 
suggestive  positive  transmission  experiments  with  this  species  reported 
by  Ashburn  and  Craig  (1907). 

Complete  and  exact  descriptions  of  Aedes  aegypti  and  of  Cu- 
lex  quinquefasciatios  are  given  in  the  monograph  by  Dyar 
(1922)  on  the  mosquitoes  of  the  United  States.  The  mos- 
quitoes used  by  us  agreed  with  these  descriptions,  and  the  per- 
tinent sections  from  that  work  are  reprinted  in  the  Appendix. 

Breeding  technic  adopted. — ^As  the  series  of  experiments  to  be 
undertaken  presupposed  the  availability  of  large  numbers  of 
mosquitoes  at  all  times,  it  was  necessary  to  develop  breeding 
methods  that  would  insure  a  consistently  large  output  of  adults. 
It  is  not  difficult  to  breed  a  few  mosquitoes  from  eggs,  but  when 
a  particular  series  of  experiments  hinges  on  the  availability  of 
several  hundred  female  mosquitoes  during  a  limited  period 
(four  or  five  days),  and  when  infection  of  the  mosquitoes  with 
a  disease  hinges,  in  turn,  on  the  occurrence  of  the  disease  in 
experimental  subjects,  it  is  necessary  not  only  to  plan  well 
ahead,  but  also  to  take  every  precaution  so  that  the  breeding 
technic  in  use  will  not  fail  at  the  crucial  moment. 

A  review  of  the  literature  on  the  food  requirements  of  the 
larvse  of  Aedes  aegypti  and  Culex  quinquefasciatus  suggested 
that  one  or  the  other  of  the  species  might  feed  on  any  one  of  a 
number  of  kinds  of  food — decaying  organic  matter  (plants  or 
animal  substances  undergoing  putrefaction),  carbohydrates 
(bread  crumbs,  sugar,  banana,  etc.),  bacteria,  sewage,  etc. 
Many  experiments  were  made  with  foods  falling  into  the  above- 
mentioned  classes  with  the  view  to  the  selection  of  the  food 
that  would  give  the  most  consistently  uniform  results  and  the 
largest  yield  of  adults. 

It  is  to  be  remembered  that  our  experiments  in  breeding  meth- 
ods were  carried  out  in  the  Tropics,  and  it  is  conceivable  that 


rjQ  The  Philippine  Journal  of  Science     ^  i»26 

different  methods  might  produce  better  results  in  temperate  or 
colder  climates. 

The  breeding  habits  of  the  two  species  under  investigation 
differ  materially,  but  it  was  hoped  that  one  food  could  be 
found  that  would  meet  satisfactorily  the  food  requirements  of 
the  larvae  of  both  species.  As  a  matter  of  fact,  one  type  of 
food   (blood  serum)  was  found  that  proved  to  be  satisfactory. 

Breeding  experiments  with  decaying  organic  matter. — In 
making  this  series  of  experiments  two  methods  of  procedure 
were  followed :  In  the  first,  the  food  was  prepared  in  the  labo- 
ratory by  placing  dead  leaves,  grass,  etc.,  in  the  bottom  of  a 
jar  of  tap  water,  allowing  it  to  stand  for  several  days,  and  then 
introducing  the  lots  of  eggs.  When  the  larvae  hatched  out  the 
rapidity  of  development  was  observed.  The  results  obtained 
were  quite  unsatisfactory  and  inconsistent  due  to  the  unsuit- 
able food  supply.  In  some  instances  the  larvse  showed  a  normal 
rate  of  growth  for  four  or  five  days  after  hatching,  but  then 
died.  Pupation  and  emergence  frequently  could  not  be  forced, 
even  though  additional  food  was  supplied. 

The  second  method  of  procedure  was  to  obtain  water  from 
pools  that  were  known  to  be  favorite  breeding  places  for  Culex 
quinquefasciatus,  strain  the  water  through  cheesecloth  to  re- 
move coarse  particles,  place  it  in  breeding  pans,  and  float  the 
egg  masses  on  to  the  surface.  The  larvse  hatched  out,  rapidly 
increased  in  size,  and  sometimes  a  considerable  number  pupated 
and  emerged,  but  in  most  instances  there  was  a  cessation  of 
growth  after  four  or  five  days.  If  five  to  ten  egg  masses  were 
placed  in  a  breeding  basin  and  the  amount  of  water  from  the 
pool  increased  proportionately,  the  larvse  hatched  and  grew  nor- 
mally for  from  three  to  four  days  and  then  died.  The  food  con- 
tent, being  dependent  on  a  number  of  uncontrollable  factors, 
apparently  varied  within  wide  limits. 

The  protocol  of  breeding  experiment  147,  presented  in  the 
Appendix,  illustrates  the  sequence  of  events  that  frequently  was 
noted. 

The  inconsistent  results  obtained  with  this  type  of  food  (de- 
caying organic  matter)  and  the  low  yields  of  adults  led  us  to 
exclude  this  method  of  breeding. 

Breeding  experiments  with  dilutions  of  urine. — Frequently  the 
statement  appears  in  the  literature  that  cesspools  and  collections 
of  water  containing  faeces  and  urine  constitute  excellent  breed- 
ing places  for  Culex  quinquefasciatus.    In  Manila,  where  cess- 
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pools  are  much  used,  it  frequently  has  been  observed  that  they 
are  favorite  breeding  places  for  this  species. 

To  test  out  this  type  of  food,  a  few  experiments  were  made 
with  2  per  cent  solutions  of  urine  in  tap  water.  The  following 
typical  example  of  results  obtained  is  cited : 

Experiment  24 :  On  January  25  a  Culex  egg  mass  containing 
157  eggs  (laid  January  24)  was  placed  in  a  breeding  jar 
containing  2  per  cent  urine.  Eggs  hatched  on  the  following 
day,  and  for  five  days  the  rate  of  growth  was  normal.  On 
February  1  the  hydrogen-ion  concentration  (p^^)  value  of  the  so- 
lution was  8.4.  Beginning  with  February  5  the  mortality  rate 
was  high,  and  on  February  11  only  12  larvae  remained  alive. 
On  March  15  the  last  larva  died.  None  of  the  larvse  pupated. 
Additions  of  urine  during  the  course  of  the  experiment  did  not 
stimulate  growth. 

Breeding  experiments  with  faeces  were  not  attempted. 

The  very  poor  results  obtained  in  our  initial  experiments 
with  this  type  of  food  led  us  to  eliminate  it  from  consideration. 

Breeding  experiments  with  bacteria. — In  this  series  of  ex- 
periments Escherichia  coli  (B,  coli  communis)  was  selected  as 
food,  with  the  purpose  of  approximating,  as  nearly  as  possible, 
natural  conditions.  The  eggs  of  both  Culex  quinquefasciatvs 
and  Aedes  aegypti  were  used;  distilled  water  was  placed  in  the 
breeding  jars  and  live  cultures  were  added  in  some  experiments 
and  dead  ones  in  others,  and  more  food  was  added  from 
time  to  time.  The  results  obtained  were  quite  unsatisfactory, 
and  this  type  of  food  was  eliminated  from  consideration. 

Protocols  of  breeding  experiments  58,  106,  and  112,  presented 
in  the  Appendix,  indicate  the  details  of  the  breeding  methods 
adopted  and  exemplify  the  best  and  the  poorest  results  obtained. 

Breeding  experiments  with  peptone. — In  one  experiment 
(No.  60),  5  per  cent  peptone  was  added  to  250  cubic  centi- 
meters of  distilled  water  and  the  attempt  was  made  to  breed 
Culex  from  an  egg  mass.  The  eggs  (142)  hatched,  and  the  lar- 
vae did  well  for  a  day  or  so.  Thereafter,  however,  the  solution 
became  highly  contaminated  with  bacterial  growth,  turbidity 
was  marked,  and  there  was  a  very  perceptible  odor  suggestive 
of  putrefactive  changes.  Eight  days  after  the  larvae  had 
emerged  all  were  dead. 

Breeding  experiments  with  saccharose  and  dextrose. — Breed- 
ing experiments  with  these  sugars  gave  negative  results  and  the 
sequence  of  events  noted  was  quite  similar  to  that  observed  in 
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the  experiment  with  peptone,  except  that  no  putrefactive  changes 
occurred  and  the  contaminating  organism  apparently  was  a 
mold. 

Breeding  experiments  with  bread  crumbs. — This  type  of  food 
was  used  rather  extensively  in  breeding  both  Culex  quinque- 
fasciatus  and  Aedes  aegypti.  Very  good  results  were  obtained 
in  many  experiments,  particularly  with  A.  aegypti ,  but  failures 
also  were  common.  The  principal  source  of  trouble  was  molds, 
which  are  very  common  in  the  Philippines,  particularly  during 
the  period  of  rains  and  high  relative  humidity,  usually  from 
May  to  October,  inclusive. 

If  the  bread  was  added  from  day  to  day  in  only  sufficient 
amounts  to  meet  the  immediate  requirements  of  the  larvse  the 
output  of  adults  frequently  was  satisfactory,  but  this  was  dif- 
ficult to  regulate.  In  the  early  stages  of  the  experimental 
work  crumbs  from  the  center  of  the  loaf  of  bread  were  used, 
as  well  as  the  crust,  but  the  percentage  of  experiments  showing 
contamination  with  molds  was  high. 

The  technic  adopted  and  results  obtained  with  bread  crumbs 
are  exemplified  in  breeding  experiments  18,  62,  67,  116,  125,  and 
156,  presented  in  the  Appendix  to  this  report. 

Breeding  experiments  with  blood  serum, — One  gains  the  im- 
pression from  the  literature  that  the  most  suitable  food  for 
Aedes  and  Cvlex  larvse  is  one  rich  in  protein ;  at  the  suggestion 
of  Dr.  Otto  Schobl,  chief  of  the  biological  division.  Bureau  of 
Science,  normal  horse  serum  was  selected  for  experimental  use. 
The  preliminary  experiments  gave  promising  results.  When 
the  details  of  technic  had  been  perfected  the  yield  of  adults 
from  a  given  number  of  both  Aedes  and  Culex  eggs  was  uni- 
formly so  high  that  this  food  (blood  serum)  was  selected  for 
the  rbutine  breeding  work. 

In  the  early  stages  of  experimental  breeding  blood  serum  alone 
was  added  to  the  stock  solutions  of  water,  but  the  results  were 
not  uniformly  good.  At  times  the  yield  of  adults  was  large, 
while  at  other  times  bacterial  contamination  killed  many,  and 
at  times  all,  of  the  larvse  or  pupae. 

This  complication  occurred  with  greatest  frequency  when 
there  was  an  excess  of  blood  serum  in  the  late  larval  stages, 
as  the  larvae  became  less  active  and  took  less  food  preliminary 
to  pupation. 

On  the  assumption  that  it  might  be  possible  to  inhibit  the 
growth  of  bacteria  for  a  week  or  ten  days,  without  injury  to 
the  larvee,  many  experiments  were  made  with  chemical  anti- 
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septics.  In  this  series  of  experiments,  sodium  benzoate  (0.05 
to  0.1  per  cent),  chlorine  (1  to  2  parts  per  million),  and  for- 
malin (1:2,500  to  1:20,000)  were  used.  The  last,  formalin, 
consistently  gave  the  best  results. 

The  routine  technic  finally  adopted  for  breeding  larvae  was 
as  follows: 

Aedes  larvae. — A  breeding  jar  (1-quart  fruit  jar)  contain- 
ing 250  cubic  centimeters  of  tap  water  was  placed  in  the  egg- 
laying  breeding  cage.  A  few  hours  after  eggs  were  laid,  the 
jar  was  removed.  Preferably  not  more  than  50,  and  in  any 
event  not  more  than  75  to  100,  eggs  were  allowed  to  remain 
in  one  jar. 

After  the  hatching  of  the  eggs,  which  practically  always  oc- 
curred on  the  second  to  the  third  day,  from  0.5  per  cent  (1.25 
cubic  centimeters)  to  1  per  cent  (2.5  cubic  centimeters)  normal 
horse-blood  serum  containing  1 :  2,500  formalin  was  added. 

The  rate  of  growth  of  the  larvae  was  observed  from  day  to  day 
and,  if  at  the  end  of  three  or  four  days  the  development  began 
to  slow  down,  more  blood  serum  (0.5  to  1  per  cent)  was  added. 
If  at  the  end  of  another  four  or  five  days  pupse  had  not  begun  to 
appear,  further  blood  serum  was  added,  care  having  been  taken 
to  decrease  the  amounts  in  the  late  larval  stages. 

When  this  technic  was  followed  the  time  interval  between 
hatching  and  emergence  of  the  first  adults  usually  ranged 
from  eight  to  twelve  days  and  adults  continued  to  emerge  for 
the  next  five  to  ten  days.  In  one  experiment,  in  which  2  per 
cent  blood  serum  was  added  and  repeated  in  three  days,  we 
succeeded  in  breeding  out  a  few  very  large  adults  five  days 
after  the  eggs  hatched.  In  other  instances,  particularly  where 
large  numbers  of  larvae  (100  to  150  or  more)  were  allowed  to 
remain  in  one  breeding  jar,  the  yield  of  adults  was  lower,  and 
the  imagines  that  finally  emerged  were  smaller  and  less  hardy 
than  the  average  adult  Aedes, 

If  not  more  than  50  eggs  are  placed  in  a  breeding  jar  and 
the  first  adults  fail  to  appear  in  from  eight  to  twelve  days  after 
hatching,  the  breeding  technic  is  faulty  and  contamination  has 
occurred  or  the  food  supply  is  inadequate. 

It  should  not  be  inferred  that  the  breeding  technic  adopted 
was  uniformly  successful.  At  times  bacterial  contamination, 
as  manifested  by  cloudiness  of  the  breeding  solution,  occurred 
and  the  yield  of  adults  was  either  nil  or  negligible.  It  is  our 
experience,  however,  that  adherence  to  the  method  we  used 
usually  assures  a  yield  of  from  50  to  75  per  cent  imagines 
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from  a  given  number  of  eggs,  and  there  is  no  doubt  in  our 
minds  that  this  percentage  greatly  exceeds  the  yield  under 
natural  conditions  even  when  the  food  supply  is  adequate  and 
environmental  conditions  presumably  are  favorable. 

Occasionally  blood  sera  will  be  encountered  in  which  the 
globulin  content  is  high  and  the  tendency  for  the  globulin  to 
precipitate  is  marked;  sera  showing  this  characteristic  did  not 
prove  to  be  satisfactory  as  food.  It  is,  of  course,  possible  to 
bring  the  globuUn  back  into  solution  by  the  addition  of  sodium 
chloride,  but  sera  exhibiting  this  characteristic  are  encountered 
so  rarely  that,  for  practical  purposes,  it  is  well  to  discard  them. 

Culex  larvse. — Blood  serum  also  was  used  in  experiments  on 
breeding  the  larvae  of  Culex  quinquefasciatu^,  and  this  type  of 
food  proved  to  be  satisfactory.  The  steps  taken  in  perfecting 
the  technic  were  similar  to  those  described  for  Aedes  breeding, 
with  the  following  exceptions : 

The  biting  habits  of  Culex  quinquefdsciatv^  were  found  to 
be  so  erratic  and  the  death  rate  after  Qgg  laying  so  high  that  it 
was  not  practicable  to  secure  supplies  of  eggs  from  females  in 
captivity,  as  was  done  in  the  case  of  Aedes.  The  egg  masses 
used  for  breeding  were  collected  from  pools  of  stagnant  water, 
which  were  found  to  be  favorite  places  for  the  deposition  of  eggs 
of  this  species  under  natural  conditions.  Eggs  were  collected 
for  breeding  purposes  every  three  to  four  days  throughout  the 
course  of  the  experimental  work,  and  this  procedure  assured 
continuous  supplies  of  recently  emerged  imagines. 

From  four  to  six  Cvlex  egg  masses  were  floated  on  the  surface 
of  the  water  (2,000  cubic  centimeters)  in  a  photographic  de- 
veloping tray.  Counts  of  328  egg  masses  made  by  us  indicate 
that  under  natural  conditions  in  the  Philippines  the  Culex  egg 
mass  averages  188  eggs.  Each  tray,  therefore,  received  approx- 
imately 1,000  eggs. 

The  breeding  pan  was  then  placed  in  the  type  of  breeding 
cage  shown  in  Plate  3,  fig.  1. 

When  the  eggs  began  to  hatch,  which  practically  always  oc- 
curred in  twenty-four  hours,  the  food  supply  (blood  serum) 
and  formalin  were  added  in  the  same  relative  proportions  as  for 
Aedes  breeding.  The  addition  to  the  2,000  cubic  centimeters 
of  tap  water  of  0.5  per  cent  blood  serum  required  10  cubic 
centimeters  serum  and  formalin  in  proper  proportions.  Evap- 
oration of  water  was  rapid  on  account  of  the  large  exposed 
surface,  and  it  was  found  to  be  very  important  to  keep  the 
water  level  constant  by  additions  every  two  to  three  days. 
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All  lots  of  eggs  in  the  series  had  begun  to  hatch  within 
twenty-four  hours.  Pupae  began  to  appear  in  from  four  to 
thirteen  days  after  the  hatching  of  the  eggs,  the  average  time 
being  seven  days.  The  first  adults  were  observed  in  from  six 
to  seventeen  days  after  the  eggs  hatched,  the  average  being 
nine  days.  The  yield  of  living  imagines  from  a  given  number 
of  eggs  varied  from  13  to  62  per  cent,  the  average  yield  being 
34  per  cent. 

The  technic  followed  and  the  results  obtained  in  the  complete 
series  of  breeding  experiments  with  blood  serum  as  food  are 
exemplified  in  protocols  30,  49,  68,  178,  182,  186,  194,  225,  230, 
236,  241,  and  386,  presented  in  the  Appendix. 

Breeding  experiments  with  banana. — ^When  our  earlier  breed- 
ing experiments  were  undertaken,  we  had  no  knowledge  of 
previous  work  of  the  same  kind  in  which  banana  was  used  as 
food  for  the  larvae.  The  report  of  Fielding  (1919)  escaped  our 
notice  until  early  in  1925.  In  February,  1925,  it  was  feasible 
for  us  to  make  some  tentative  experiments  in  breeding  larvae 
with  this  type  of  food,  and  the  results  obtained  were  so  promising 
that  a  somewhat  extensive  series  of  experiments  was  undertaken. 
In  the  first  series,  blood  serum  and  formalin  were  added  to  the 
stock  breeding  solution  (tap  water)  ;  in  the  second,  thin  slices 
(6.35  millimeters)  of  banana  were  added;  and  in  the  third,  for- 
malin and  thin  slices  of  banana.  The  eggs  were  collected  from 
those  deposited  by  stocks  of  females  in  breeding  cages  during  a 
period  of  twenty-four  hours.  Eggs  collected  from  a  single  breed- 
ing jar  were  divided  into  three  portions  and  from  50  to  150  were 
counted  and  transferred  to  each  of  three  breeding  jars  to  cover 
each  of  the  three  experiments.  The  food  and  the  formalin  were 
not  added  until  the  eggs  had  hatched.  The  series  included 
twenty-five  experiments  made  with  blood  serum  and  formalin; 
twenty-four,  with  banana;  and  twelve,  with  banana  and 
formalin. 

In  the  twenty-five  breeding  experiments  with  blood  serum 
as  food,  to  which  dilute  solutions  of  formalin  were  added,  the 
larvae  averaged  six  days  to  pupation  and  eight  days  to  emer- 
gence of  the  first  adults ;  and,  of  a  given  number  of  eggs,  61  per 
cent  yielded  living  adults. 

In  the  twelve  experiments  with  banana  as  food,  to  which  a 
weak  solution  of  formalin  was  added,  the  larvae  averaged  six 
days  to  pupation  and  nine  days  to  emergence  of  the  first  adults ; 
and,  from  a  given  number  of  eggs,  only  55  per  cent  of  living 
adults  were  obtained. 
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In  the  twenty-four  experiments  with  banana  alone  as  food, 
the  larvse  averaged  only  five  days  to  pupation  and  seven  days 
to  emergence  of  the  first  adults;  and,  from  a  given  number  of 
eggs,  78  per  cent  living  adults  were  bred. 

It  was  noted  also  that  when  banana  alone  was  used  as  food 
the  resulting  adults  were,  as  a  rule,  larger  than  those  obtained 
by  other  breeding  methods.  Dilute  solutions  of  formalin  ap- 
parently inhibited  growth  during  the  larval  stage.  But  little 
is  known  of  the  exact  food  requirements  of  these  insects  during 
their  larval  stage  but,  theoretically,  there  are  reasons  for  as- 
suming that  a  food  with  a  fairly  high  protein  content  will  best 
meet  their  needs.  It  is  quite  possible  and  probable  that  the 
protein  content  of  the  banana  will  suffice  and  that  it  contains 
the  other  food  elements — carbohydrate,  fat,  and  salt — in  suffi- 
cient and  sufficiently  balanced  proportions.  So  far  as  we  have 
been  able  to  determine,  the  vigor  and  stamina  of  adults  fed  on 
banana  during  the  larval  stage  are  the  same  as  in  those  fed 
on  blood  serum. 

The  use  of  banana  as  food  during  the  larval  stage  involves 
the  application  of  a  simple  technic  as  compared  with  the  use 
of  blood  serum  and,  in  the  light  of  our  present  knowledge,  we 
should  strongly  advise  the  use  of  the  former  in  breeding  Aedes 
aegypti  and  Culex  quinquefasciatus. 

METHODS  ADOPTED  FOR   HANDLING  ADULT  MOSQUITOES 

All  mosquitoes  used  in  our  experiments  were  bred  from  the 
egg,  and  access  to  human  beings  for  feeding  purposes  was 
completely  controlled. 

One  reserve  cage  was  provided  for  each  species  and  as  the 
adults  emerged  in  the  small  breeding  cages  they  were  caught 
daily  in  test  tubes  and  transferred  (see  Plate  5).  The  assist- 
ant responsible  for  their  transfer  wore  a  rubber  glove  drawn 
well  over  the  cuff  of  the  blouse  to  render  impossible  his  being 
bitten.  Males  in  large  numbers  Were  always  present  in  the 
reserve  cage,  thus  assuring  fertilization. 

Food  supply. — Reserve  supplies  of  mosquitoes,  as  well  as 
several  lots  of  infected  mosquitoes,  were  fed  on  a  5  per  cent 
aqueous  solution  of  sugar.  The  food  was  kept  in  open  Petri 
dishes,  one  dish  to  each  cage,  and  an  additional  dish  containing 
tap  water  was  supplied.  Experiments  were  made  with  banana 
as  food,  but  the  aqueous  solution  of  sugar  proved  to  be  more 
satisfactory.     It  was  found  to  be  advantageous  to  place  a  folded 
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strip  of  glazed  paper  in  the  dishes,  on  which  the  insects  could 
alight  when  taking  food  or  water.  This  reduced  the  mortality 
from  drowning. 

The  food  supply  was  completely  changed  every  two  days  by 
removing  the  dish  and  replacing  it  with  a  clean  Petri  dish 
containing  a  fresh  solution  (Plate  6).  Frequent  changing  is 
advisable  for,  should  the  food  supply  become  concentrated 
and  sticky  from  evaporation  of  the  water,  mosquitoes  alighting 
on  it  may  become  entangled  therein  and  drown;  furthermore, 
it  will  tend  to  avoid  contamination  which  may  result  from  the 
growth  of  bacteria  and  molds. 

Time  interval  between  emergence  of  the  mosquitoes  and  their 
use  for  experimental  purposes. — As  a  rule,  Aedes  aegypti  mos- 
quitoes were  used  for  experimental  purposes  in  from  two  to 
seven  days  after  their  emergence.  Newly  emerged  Culex  quin- 
quefasciatus  mosquitoes  were  held  for  five  days  and,  if  not  used 
within  that  period,  were  discarded.  If  kept  for  longer  periods, 
the  death  rate  is  rather  high,  after  the  first  feeding  of  blood  and 
subsequently  when  eggs  are  laid. 

Technic  u^ed  in  feeding  on  human  subjects. — When  females 
of  either  species  were  required  for  experimental  use,  the  proper 
number  of  clean,  lightly  plugged  test  tubes  were  first  placed 
inside  the  reserve  cage.  The  operator  then  donned  a  rubber 
glove  with  cuff  extending  well  over  the  lower  end  of  the  sleeve 
of  the  blouse  and  introduced  his  hand  and  arm  into  the  cage. 
Only  one  female  was  caught  in  each  test  tube.  Immediately 
after  removal  of  the  catch  the  species  and  sex  were  determined 
and  the  entire  lot  was  turned  over  to  Mr.  W.  Schultze,  consulting 
entomologist  for  the  board,  for  confirmation  of  specific  deter- 
mination. As  a  matter  of  fact,  no  error  in  identification  oc- 
curred throughout  the  course  of  the  work. 

The  lot  was  then  placed  in  a  cage  of  the  standard  type  adopted 
for  biting  experiments  (see  Plate  7,  fig.  1),  taken  to  the  hospital, 
and  applied  to  the  leg  of  the  patient.  Application  to  the  leg 
instead  of  to  the  arm  permitted  the  maximum  degree  of  freedom 
of  movement  on  the  part  of  the  individual  being  bitten.  In  in- 
troducing and  withdrawing  the  leg  from  the  cage  every  precau- 
tion was  taken  to  prevent  the  escape  of  mosquitoes.  When  the 
cage  was  removed,  the  number  of  mosquitoes  in  it  was  care- 
fully checked  and  the  cage  returned  to  the  laboratory.  After 
reaching  the  laboratory  lightly  plugged  test  tubes  were  intro- 
duced and  all  females  not  showing  complete  distention  of  the 
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stomach  with  blood  were  removed,  counted,  and  killed.  The 
blood-filled  females  remaining  in  the  cage  were  then  counted, 
and  the  total  number  was  verified.  The  removal  of  all  insects 
not  showing  complete  distention  of  the  stomach  with  blood  as- 
sured us  that  all  females  remaining  in  the  cage  were  potentially 
infected. 

The  meaning  of  the  term  * 'complete  distention  of  the  stom- 
ach,'' as  used  above,  is  the  following:  When  a  mosquito  is 
allowed  to  take  a  full  feeding  of  blood,  the  stomach  becomes 
enormously  distended  and  casual  inspection  without  the  use  of 
a  magnifying  glass  leaves  one  in  no  doubt  that  a  full  meal  of 
blood  has  been  taken.  If,  however,  the  insect  is  disturbed  for 
one  reason  or  another  and  engorgement  is  not  complete,  the 
stomach  will  show  varying  degrees  of  distention  and  at  times 
it  may  be  questionable  whether  or  not  the  distention  was  caused 
by  the  taking  of  blood.  To  be  certain,  therefore,  that  large 
quantities  of  blood  had  been  taken  and  that  potential  transfer  of 
the  virus  had  been  effected,  it  was  our  custom  to  remove  and 
kill  all  insects  showing  only  partial  distention,  even  though  there 
was  no  question  in  our  minds  that  a  considerable  amount  of 
blood  had  actually  been  taken. 

In  the  transmission  experiments  with  Culex,  all  mosquitoes 
in  the  cage  after  the  initial  meal  of  blood  had  been  taken  were 
caught  in  test  tubes  and  the  blood-filled  females  were  identified 
for  the  third  time.  This  gave  us  an  additional  check  against 
the  possibility  of  any  Aedes  aegypti  mosquitoes  having  been 
introduced  inadvertently.  The  blood-filled  females,  after  veri- 
fication of  the  species,  were  returned  to  the  biting  cage.  Food 
and  water  were  then  introduced  and  the  cage,  properly  labeled, 
was  placed  with  the  stocks  of  infected  mosquitoes  (see  Plate 
7,  fig.  2). 

The  method  of  handling  the  lots  of  infected  mosquitoes  for  the 
purpose  of  producing  dengue  in  volunteers  was  exactly  the  same 
as  that  just  described  for  exposure  to  dengue  patients  of  newly 
emerged  but  uninfected  mosquitoes  for  the  purpose  of  trans- 
ferring the  virus  to  the  insects,  except  that  all  the  mosquitoes 
used  were  presumably  infected  and  none  were  discarded  after 
the  secondary  biting  experiments. 

Biting  habits  of  Aedes  aegypti  Linnaetcs, — The  female  of  this 
species  bites  freely  throughout  the  daylight  hours  in  Manila 
and,  if  hungry,  not  infrequently  it  is  observed  biting  after  dusk. 
Though  most  of  our  biting  experiments  were  made  during  the 


29,1-2  Slier,  Hall,  and  Hitchens:  Dengue  79 

morning  hours,  usually  between  9.30  and  11.30  a.  m.,  we  had 
no  difficulty  with  them  at  any  time  during  daylight  hours. 
We  did  find,  however,  that  when  a  biting  experiment  was 
attempted  with  any  lot  of  mosquitoes  that  had  emerged  during 
the  preceding  twenty-four  hours  not  more  than  50  to  75  per  cent 
would  take  blood,  whereas  biting  experiments  made  with  lots 
one  or  more  days  after  emergence  were  entirely  successful,  and 
usually  100  per  cent  would  take  blood. 

To  obtain  the  best  results  in  biting  it  is  essential,  therefore, 
that  copulation  take  place  and  that  the  insect  be  allowed  to  take 
an  initial  meal  of  food  (sugar  or  banana).  The  same  require- 
ment has  been  reported  of  Anopheles  (Harold,  1923). 

In  one  series  of  biting  experiments  to  produce  dengue  we  had 
planned  to  use  the  same  lot  of  infected  Aedes  aegypti  mosquitoes 
every  three  days;  but  the  proportion  that  would  take  blood  at 
three-day  intervals  was  so  low — in  one  or  two  experiments  nil — 
that  this  method  of  procedure  was  abandoned.  The  interval 
between  blood  feedings  was  then  extended  to  four  days  and 
during  this  period  water  was  allowed  to  remain  in  the  cage,  but 
the  food  supply  (aqueous  solution  of  sugar)  was  withdrawn. 
This  policy  was  immediately  abandoned  as  we  found  that,  even 
though  a  full  meal  of  blood  had  been  taken,  the  death  rate  was 
rather  high  on  the^  third  night  after  the  blood  meal,  if  no  food 
(sugar)  was  available.  The  routine  method  finally  adopted  was 
to  allow  an  interval  of  not  less  than  four  days  to  intervene  be- 
tween biting  experiments  and  to  withdraw  the  food  supply  (but 
not  the  water)  on  the  night  of  the  third  day,  if  the  insects  in  the 
lot  were  to  be  used  for  a  biting  experiment  on  the  following  day. 

These  and  other  observations  made  by  us  suggest  definitely 
that,  under  natural  conditions,  even  so  highly  domesticated  a 
mosquito  as  Aedes  aegypti  requires,  and  probably  exists  very 
largely  on,  fruit  juices. 

In  the  early  stages  of  the  work  only  10  to  15  females  were 
allowed  to  bite  patients  with  dengue  for  the  purpose  of  infecting 
the  insects ;  but  we  soon  learned  that,  if  the  lots  were  to  be  held 
for  long  periods  of  time,  it  was  necessary  to  increase  the  numbers 
materially  to  make  up  for  losses  due  to  natural  death  and  to 
accidental  death  from  crushing.  Throughout  the  major  part  of 
the  investigations  20  and  preferably  25  to  30  A.  aegypti  mos- 
quitoes were  used  in  each  lot  for  initial  infection  of  the  mosquito. 

Biting  habits  of  Culex  quinquefasciatus  Say, — The  female  of 
this  species  is  difficult  to  handle,  as  its  biting  habits  are  very 
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erratic.  Several  preliminary  experiments  were  undertaken  so 
that  we  might  gain  some  information  on  this  point.  With 
the  exception  of  one  biting  experiment,  out  of  the  large  number 
made,  the  females  refused  to  take  blood  during  daylight  hours, 
even  when  the  cage  was  covered  with  black  cloth  to  simulate 
night  and  the  experimental  subject  selected  for  feeding  purposes 
was  known  to  be  particularly  attractive  to  mosquitoes. 

In  night  biting  experiments,  the  cage  was  applied  at  about  8 
p.  m.  At  times,  a  fair  proportion  of  females  had  taken  blood  by 
11  p.  m.,  but  very  frequently  it  was  necessary  to  leave  the  cage 
in  place  throughout  the  night  and  even  then  the  biting  might 
or  might  not  have  been  satisfactory. 

In  six  instances  from  75  to  100  newly  emerged  Culex  quinque- 
fasciatics  insects  were  applied  to  dengue  patients  with  the  pur- 
pose of  infecting  the  insects.  Those  that  took  blood  averaged  42 
per  cent,  the  minimum  being  8  per  cent,  and  the  maximum  67. 

When  these  lots  of  potentially  infected  Cvlex  quinquefas- 
ciatus  mosquitoes  were  again  applied  to  experimental  subjects 
to  induce  dengue,  still  greater  difficulties  were  experienced.  In 
the  first  place,  21  per  cent  of  the  mosquitoes  had  died  by  the 
time  the  period  of  development  of  virus  in  the  mosquito  had 
passed  and  of  those  remaining  only  30  per  cent  (68  of  225) 
would  take  blood.  In  some  instances  in  our  initial  experiments 
it  became  necessary  to  apply  the  cage  on  two  or  three  successive 
nights. 

The  erratic  biting  habits  of  this  species  in  captivity  led  us 
to  adopt  the  general  policy  of  using  100  females  to  the  lot  for 
initial  biting  experiments  in  which  it  was  aimed  to  infect  the 
mosquito. 

Natural  enemies  of  mosquitoes, — In  tropical  countries  mos- 
quitoes have  many  natural  enemies  and  those  giving  us  greatest 
concern  were  the  small  so-called  jumping  spiders  of  the  family 
Attidise  {Attus  sp.?)  and  the  common  red  ant  {Mdnomorium 
indicum  For  el) . 

During  one  period  the  experiments  were  jeopardized  because  of 
infestation  of  a  number  of  cages  with  spiders.  During  this 
period  inexplicable  shortages  occurred  now  and  then.  Close 
observation  revealed  the  presence  of  spiders,  which  had  con- 
cealed themselves  in  small  openings  in  the  framework  from 
which  they  emerged  at  infrequent  intervals  to  obtain  food. 
They  were  noted  catching  mosquitoes.    It  was  possible  also  for 
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the  small  ants  to  gain  entrance  through  the  large-mesh  netting, 
and  they  were  observed  carrying  dead  mosquitoes  away. 

Incursions  by  ants  were  expected  in  the  beginning  of  the  work, 
and  the  legs  of  tables  on  which  stocks  of  mosquitoes  were  stored 
were  painted  with  a  narrow  band  of  a  sticky  preparation  used 
in  the  manufacture  of  "sticky  fly  paper"  (12  parts  of  castor 
oil  and  29  parts  of  rosin).  Notwithstanding  the  use  of  castor 
oil  (nondrying)  the  preparation  dried  out  and  had  to  be  renewed 
at  frequent  intervals  (every  two  to  three  weeks).  It  did  not 
constitute  a  barrier  against  the  jumping  spiders,  as  they  can 
jump  a  distance  of  12  to  15  centimeters.  We  then  applied  the 
sticky  preparation  to  the  entire  length  of  the  legs  and  coated 
the  undersurface  of  the  table  tops.  These  spiders  are  ubiqui- 
tous and  their  habits  make  them  difficult  to  control;  we  have 
observed  them  dropping  from  the  ceiling  of  the  room  to  the 
cages. 

Losses  of  mosquitoes  through  the  incursions  of  ants  and  spi- 
ders ceased  when  the  measures  just  described  were  put  into 
effect  and  when,  in  addition,  all  cages  were  re-covered  with  fine 
netting  and  sterilized  with  steam  under  pressure  prior  to  use. 
Lack  of  attention  to  these  details  may  entail  the  loss  of  infected 
mosquitoes  that  are  difficult  or  impossible  of  replacement. 

Length  of  life  of  Aedes  aegypti  and  Culex  quinquefasciatus 
in  captivity. — A  fair  proportion  of  laboratory-bred  Aedes  mos- 
quitoes lived  in  captivity  for  approximately  six  weeks  to  two 
months,  when  bred  under  a  favorable  environment.  For  the 
first  five  months  of  these  experiments  we  had  no  difficulty  in 
keeping  two-thirds  (66  per  cent)  of  the  various  infected  lots 
alive  for  thirty  days,  and  a  few  individuals  in  each  lot  lived 
for  much  longer  periods  (sixty  to  seventy-five  or  even  one  hun- 
dred days) .  Several  of  our  infected  Aedes  mosquitoes  remained 
alive  for  ninety-seven  to  ninety-nine  days  after  infection  and 
one  lived  one  hundred  one  days;  they  had  emerged  five  or  six 
days  previous  to  taking  the  infective  blood.  In  one  instance, 
we  transmitted  dengue  fever  with  mosquitoes  that  had  been 
infected  seventy-five  days  previously. 

In  February  and  March,  1925,  the  early  part  of  the  dry  season 
in  Manila  and  a  season  of  comparatively  low  temperature,  the 
mortality  rate  of  some  lots  of  infected  mosquitoes  was  high  dur- 
ing the  first  ten  days  after  their  first  meal  of  blood;  it  ranged 
from  35  to  40  per  cent,  and  probably  was  attributable  to  com- 
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paratively  low  temperatures  during  the  nights,  decrease  in  rel- 
ative humidity,  and  lack  of  stamina  in  the  adults  resulting  from 
adverse  environmental  conditions  during  the  larval  stage.  Sub- 
sequent to  the  first  ten  days  after  initial  blood  feeding  the  death 
rate  was  the  same  as  is  normally  encountered  among  lots  in 
captivity. 

In  captivity,  Culex  quinquefasciatics  lives  for  comparatively 
short  periods  of  time.  In  our  first  transmission  experiments 
with  this  species  we  planned  to  begin  the  biting  experiments  on 
the  second  day  after  potential  infection  of  the  mosquitoes  and 
to  repeat  them  on  the  same  volunteers  at  intervals  of  two  or 
three  days  until  at  least  the  fifteenth  day  after  they  had  bitten 
infected  individuals.  In  five  experiments  in  which  this  plan  was 
followed  the  death  rate  was  so  high  that  practically  all  the  fe- 
males were  dead  on  the  twelfth  day  after  having  taken  blood 
from  a  patient,  and  most  of  them  died  by  the  tenth  day.  Ex- 
pressed in  general  terms,  our  experience  with  this  species  sug- 
gests that  a  considerable  proportion  of  females,  under  natural 
conditions,  take  their  initial  meal  of  blood,  lay  their  eggs,  and 
then  die,  and  that  among  those  surviving  subsequent  to  the  laying 
of  eggs  the  mortality  rate  is  very  high  after  the  second  and  third 
meal  of  blood. 

Later,  when  the  transmission  experiments  with  this  species 
were  repeated,  we  held  our  lots  of  potentially  infected  mosquitoes 
for  from  twelve  to  twenty-two  days  before  we  allowed  them  to 
bite,  for  the  purpose  of  testing  their  ability  to  transmit  the  in- 
fection. When  used  for  this  purpose  they  died  off  rapidly  when 
eggs  subsequently  were  deposited. 

In  some  of  our  early  experiments  in  breeding  and  handling 
this  species  we  attempted  to  carry  the  mosquitoes  through  suc- 
cessive generations,  as  can  readily  be  done  with  Aedes  aegypti 
insects;  but,  owing  to  their  erratic  biting  habits  and  the  high 
death  rate  after  blood  taking,  we  succeeded  in  carrying  them 
only  to  the  third  generation.  That  the  death  rate  is  high 
under  natural  conditions,  when  environmental  conditions  are 
adverse,  is  evidenced  by  the  following  observation.  In  at- 
tempting to  start  our  breeding  from  the  wild  mosquito  we  had 
blood-filled  females  caught  in  test  tubes  a  few  hours  after 
they  had  taken  a  meal  of  blood.  Each  female  was  then  trans- 
ferred to  an  individual  egg-laying  jar  that  contained  water. 
In  some  of  our  early  experiments  we  were  able  to  obtain  egg 
masses  from  every  individual  on  the  fourth  or  fifth  day,  but 
frequently   the   female   would   die   after    deposition    of    eggs. 
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During  the  dry  season  (March,  1924),  when  the  moisture 
content  of  the  air  was  low,  we  repeated  this  experiment,  using 
twelve  blood-filled  female  Cvlex  quinquefasciatics  mosquitoes. 
To  our  great  surprise  we  were  able  to  obtain  only  one  mass 
of  eggs  from  one  of  the  females,  the  remaining  eleven  having 
died  before  they  could  even  deposit  eggs. 

These  and  other  observations  suggest  to  us  that  the  span  of 
life  of  mosquitoes  of  this  species  in  nature  is  short,  probably 
not  exceeding  two  or  three  weeks.  The  number  of  eggs  laid  by 
the  Culex  mosquito,  compared  with  the  Aedes,  is  large,  and  prob- 
ably it  is  this  factor  together  with  its  ability  to  withstand  low 
temperature  (hibernation)  that  enables  the  former  to  maintain 
itself  in  such  large  numbers  throughout  the  world. 

These  observations — ^the  erratic  biting  habits  of  the  Cidex 
mosquito  and  its  comparatively  short  span  of  life — suggest  that 
it  is  poorly  adapted  to  the  transmission  of  a  disease  the  etio- 
logical agent  of  which  requires  a  somewhat  prolonged  devel- 
opmental period  in  the  body  of  the  mosquito,  as  will  later  be 
shown  to  be  the  case  in  dengue. 

Miscellaneoics  observations. — Contrary  to  statements  that  ap- 
pear in  the  literature,  it  has  been  our  experience  that  Aedes 
aegypti  eggs  will  always  hatch  in  distilled  water;  but  we  have 
not,  so  far,  seen  the  larvae  pupate  when  kept  in  sterilized  dis- 
tilled water.  The  following  negative  observations  relating  to 
the  possibility  that  A.  aegypti  may  lay  eggs  without  having  had 
a  feeding  of  blood  are  worthy  of  record. 

For  a  period  of  nine  months,  we  had  under  daily  observation 
thousands  of  male  and  female  Aedes  mosquitoes  in  our  reserve 
cage;  the  females  were  fertilized,  none  had  ever  taken  blood, 
and  at  no  time  were  eggs  ever  found  in  this  cage.  An  open 
Petri  dish  containing  water  was  always  available  for  oviposition. 

In  breeding  out  the  larvae  of  both  Aedes  and  Culex  the  p 
(hydrogen-ion   concentration)    value  of  the  breeding  solution 
was  apparently  of  no  great  importance,  provided  there  was  suf- 
ficient alkalinity  to  inhibit  the  development  of  molds. 

When  batches  of  larvae  begin  to  pupate  and  adults  to  emerge, 
the  males  appear  first  and  in  larger  proportions.  If  the  envi- 
ronmental conditions  are  adverse  in  the  larval  stage  and  only  a 
few  finally  pupate  and  emerge,  almost  invariably  the  imagines 
that  finally  reach  the  free-flying  stage  are  females.  This  in- 
dicates that  the  male  larvae  are  more  precocious  than  the  females 
but  are  less  hardy. 
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The  males  of  both  species  frequently,  and  in  nature  probably 
usually,  die  in  from  two  to  six  days.  The  blood-filled  female 
Aedes  will  continue  to  live  for  from  three  to  five  days  without 
food  or  water.  The  newly  emerged  female  A.  aegypti  will  sel- 
dom live  for  more  than  one  day  without  food  or  water,  but  will 
live  for  approximately  two  days  without  food  if  water  is  avail- 
able. The  freshly  emerged  female  Culex  quinquefasciatus  lives 
for  approximately  one  day  without  food  or  water,  but  will  live 
for  two  days  without  food  if  water  is  available. 

The  protocols  presented  in  the  Appendix  include  all  lots  of  mos- 
quitoes used  in  these  investigations,  exemplify  the  method 
adopted  for  recording  observations  on  the  various  lots  used  ex- 
perimentally, and  bring  out  some  of  the  points  discussed  in  the 
immediately  preceding  pages. 

PROCUREMENT   OF  VOLUNTEERS   FOR   DENGUE   TRANSMISSION    AND   METHODS 
ADOPTED  IN  DEALING  WITH  THEM 

In  planning  the  transmission  experiments  it  was  impossible 
to  escape  the  conclusion  that  clear-cut  and  definite  results  would 
be  impossible  of  attainment,  within  a  reasonable  period  of  time, 
unless  human  subjects  could  be  obtained.  It  was  necessary  to 
decide,  therefore,  as  to  whether  there  was  sufficient  justification 
for  calling  for  volunteers  (military  personnel).  It  was  decided 
that  there  was  ample  justification,  and  this  decision  was  based 
on  the  following  facts : 

Dengue  fever  is  one  of  the  four  most-important  causes  of  sickness  in 
American  troops  on  duty  in  the  Philippines,  and  occasionally  the  leading 
cause.  Any  evidence  that  could  be  obtained  relative  to  the  mechanism 
of  its  transmission  by  mosquitoes  could  be  applied  practically  in  its  pre- 
vention. 

Under  existing  conditions  a  large  proportion  of  American  troops  arriv- 
ing in  the  Philippines  contract  dengue  fever  soon  after  arrival  and  the 
production  of  dengue  experimentally  in  such  individuals,  in  many  instances, 
is  merely  anticipating  the  natural  course  of  events. 

The  clinical  course  of  dengue  fever  is  short  (approximately  three  to 
four  days),  usually  the  symptoms  are  mild,  convalescence  practically 
always  is  rapid,  an3  there  are  no  permanent  after-effects. 

Though  many  thousands  of  cases  of  dengue  have  occurred  among  Amer- 
ican troops  in  the  Philippines  during  the  past  twenty  years,  no  person 
has  died  of  the  disease. 

Procurement  of  volunteers. — The  desirability  of  undertaking 
the  investigations  and  the  justification  for  calling  for  volunteers 
as  outlined  above  were  set  forth  in  a  letter  to  the  Commanding 
General,  Philippine  Department,  and  his  approval  of  the  inves- 
tigation and  assistance  in  obtaining  the  necessary  volunteers 
requested.     The  entire  project  was  approved  by  him  and  the 
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cooperation  of  commanding  officers  was  authorized  and  urged 
as  is  indicated  in  the  letter  constituting  Exhibit  A  of  the  ap- 
pendix. 

During  the  course  of  the  investigation  sixty-four  volunteers 
proffered  their  services,  and  they  were  used  in  transmission 
experiments.  Their  distribution  by  organization  and  station 
was  as  follows: 

Post  of  Manila;  Thirty-first  Infantry  12 

Fort  William  McKinley: 

Fifteenth  Infantry  12 

Sixtieth  Artillery  Battalion  7 

Sternberg  General  Hospital;   Medical  Department  De- 
tachment 3 
Camp  Nichols;  Air  Service                                                           11 
Fort   Mills;    Fifty-ninth   Artillery   Battalion   and   Med- 
ical Department  Detachment                                                      19 


64 

Official  commendation  accorded  volunteers. — It  was  felt  that 
the  men  who  voluntarily  subjected  themselves  to  the  bites  of  in- 
fected mosquitoes  were  deserving  of  the  highest  commendation. 
Not  only  were  many  of  them  bitten  repeatedly  (from  two  to 
four  or  more  times)  by  various  lots  of  potentially  infectious 
mosquitoes,  but  also,  when  occasional  negative  results  were  ob- 
tained that,  theoretically,  should  have  been  positive,  they  cheer- 
fully volunteered  to  take  subcutaneous  injections  of  infected 
citrated  blood  for  the  purpose  of  demonstrating  immunity.  Fur- 
thermore, between  two  and  three  months  after  their  recovery 
from  dengue,  practically  all  the  volunteers  in  whom  experimental 
dengue  had  been  produced  volunteered  to  receive  subcutaneous 
inoculations  of  infected  citrated  blood  from  dengue  patients  for 
the  purpose  of  ascertaining  the  duration  of  immunity  following 
an  attack. 

A  letter  recommending  commendation  was  addressed  to  the 
Department  Commander  (see  Exhibit  B,  Appendix). 

The  names  of  one  hundred  men  appear  in  the  General  Order. 
The  additional  names  include  the  men,  principally  Filipino 
troops,  who  volunteered  to  receive  inoculations  of  dengue-in- 
fected blood  in  a  series  of  immunity  experiments  undertaken  by 
the  board,  the  results  of  which  are  presented  by  one  of  us  (A. 
P.  H.)  in  another  section  of  this  report. 

Requirements  laid  down  for  acceptance   of  volunteers. — In 
selecting  and  accepting  volunteers,  the  following  general  require- 
ments  were  laid  down : 
Freedom  from  disease. 
Short  residence  in  the  Tropics,  preferably  less  than  three  months. 
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Previous  residence  in  the  United  States  in  geographical  areas  where 

dengue    fever    had   never    occurred    as    an    endemic    or   epidemic 

disease. 
No  record  of  admission  to  hospital  for  dengue  fever  and  a  negative 

medical  history  suggestive  of  a  previous  attack. 
Negative  history,  examination  for  syphilis,  and  two  negative  Wasser- 

mann  tests. 

The  volunteers  accepted  conformed  in  general  to  the  above 
requirements,  though  occasional  deviations  therefrom  were  ne- 
cessitated for  one  reason  or  another.  In  the  late  stages  of  the 
experimental  work  (February,  1925),  when  most  of  the  troops 
were  on  field  duty,  it  became  necessary  to  accept  a  few  volun- 
teers with  more  than  one  year's  residence  in  the  Philippines,  but 
they  were  drawn  from  Fort  William  McKinley  and  Fort  Mills 
where  dengue  fever  but  seldom  occurs  in  epidemic  proportions. 

In  making  investigations  of  the  nature  of  those  presented  in 
this  series  of  reports,  in  an  area  of  endemicity,  we  consider  it 
inadvisable  to  accept  and  use  as  experimental  subjects  any  in- 
dividuals except  recent  arrivals,  if  it  can  possibly  be  avoided. 
Notwithstanding  the  fact  that  we  questioned  each  volunteer  rel- 
ative to  a  history  of  a  previous  attack  and  eliminated  the  possi- 
bility of  prior  admission  to  hospital  for  any  condition  suggestive 
of  dengue,  we  occasionally  encountered  individuals  in  whom  all 
mosquito-transmission  experiments  proved  to  be  negative  and 
in  most  of  such  instances  it  was  possible  further  to  demonstrate 
the  existence  of  immunity  by  injections  of  citrated  blood  con- 
taining the  living  dengue  virus.  Fortunately,  we  had  only  five 
cases  of  this  nature  in  our  series,  exclusive  of  three  of  our  first 
experimental  cases  concerning  whom  we  can  express  no  definite 
opinion  for  the  reason  (entered  into  elsewhere  in  this  report) 
that  the  virus  had  not  existed  in  the  mosquito  long  enough  for 
it  to  be  infective,  or  the  controls  were  questionable.  To  convince 
ourselves,  by  control  experiments,  that  we  were  dealing  with 
immune  individuals  it  became  necessary  for  us  to  keep  these  five 
men  in  isolation  for  from  five  and  a  half  to  ten  weeks.  With 
one  exception  these  five  men  had  been  in  the  Philippines  for 
from  four  months  to  one  and  one-half  years,  and  it  is  probable 
that  they  had  gone  through  mild  unrecognized  attacks  of  dengue. 

PLAN  OF  EXPERIMENTAL  WARD,  ITS  ADMINISTRATION,  AND  THE  MANAGEMENT  OF 
EXPERIMENTAL  SUBJECTS 

Pla7i  of  the  ward, — The  screened  experimental  ward  assigned 
the  board  by  the  Commanding  Officer  of  Sternberg  General 
Hospital,  United  States  Army,  was  located  on  the  second  floor 
of  the  administration  building;  its  capacity  was  fifteen  patients 
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and  adequate  toilet  and  bathing  facilities  were  available  within 
the  ward.  The  general  floor  plan  and  views  of  the  ward  are 
shown  in  fig.  1  and  in  Plate  8,  fig.  1. 

Since  dengue  fever  prevails  as  an  endenjic  disease  in  Manila, 
it  was  necessary  for  us  to  take  extraordinary  precautions  to 
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Fig.  1.     Floor  plan  of  experimental  ward    (Ward  16). 
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prevent  the  introduction  of  mosquitoes  into  the  ward.  To 
attain  this  objective,  the  following  steps  were  taken: 

The  screens  were  fixed  permanently  to  the  window  frames  and 
were  minutely  inspected  for  defects,  which  were  remedied  when 
found.  All  other  openings  in  the  ceiling,  walls,  bath  room 
plumbing  fixtures,  etc.,  were  either  sealed  or  screened. 

Entrance  was  through  one  door,  and  it  was  made  to  fit  closely 
around  its  edges,  was  screened,  a  vestibule  was  constructed  in- 
side the  outer  entrance  door,  and  a  closely  fitting  screened  door 
formed  the  left  wall  of  the  vestibule  as  one  entered.  In  the 
early  stages  of  the  work  we  expected  to  use  not  more  than  six  or 
eight  volunteers  at  any  one  time  and  the  ward  was  divided  into 
two  parts  by  a  wire-screened  partition  (fig.  1).  Entrance  to 
the  inner  ward,  which  housed  the  experimental  subjects,  was 
through  a  second  vestibule  with  double-screened  doors  opening 
outward.  It  later  became  necessary  to  use  a  larger  number  of 
volunteers  and  double  vestibules  and  an  intervening  passageway 
(Plate  8,  fig.  2)  were  installed. 

From  the  first  vestibule  a  screened  passageway,  4  feet  1  inch 
wide  and  12  feet  7  inches  long  (approximately  1.25  by  4  meters) , 
led  to  a  second  vestibule,  with  two  additional  doors,  the  last  of 
which  constituted  the  fourth  barrier  to  the  ward.  The  details 
relating  to  the  vestibules  and  passageway  are  shown  in  fig.  1' 
and  Plate  8,  fig.  2.  The  materials  used  in  their  construction  were 
a  wooden  framework  covered  with  copper  screen,  18  meshes  to 
the  inch. 

All  four  screened  doors  opened  outward.  The  interior  of  the 
vestibules  and  passageways  was  painted  white,  to  facilitate  the 
detection  of  mosquitoes  that  might  gain  entrance. 

During  the  latter  half  of  the  period  of  experimental  work  the 
additional  precaution  was  taken  of  installing  an  electric  fan,  the 
draft  from  which  was  directed  toward  the  outer  screened  door. 

As  a  preliminary  measure,  the  entire  ward  was  sealed  and  it 
was  fumigated  with  sulphur,  the  fumes  of  which  were  allowed 
to  remain  from  4  until  9  p.  m.  The  efficiency  of  the  fumigation 
was  checked  by  the  introduction  of  two  cages  of  mosquitoes,  a 
cage  being  placed  at  each  end  of  the  ward,  before  ignition  of 
the  sulphur. 

Administration  of  the  ward. — The  commanding  officer  of  the 
hospital  assigned  a  specially  selected  member  of  the  Army  Nurse 
Corps  to  administer  the  ward.  Because  of  the  special  nature  of 
the  work  and  the  necessity  for  a  thorough  knowledge  of  the 
unusual  details  required  in  its  administration,  the  same  nurse 
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was  retained  as  long  as  was  possible.  One  nurse  (Second  Lieut. 
Ruby  Nichols,  Army  Nurse  Corps)  was  in  charge  from  July, 
1924,  the  date  the  ward  was  opened,  until  September,  1924. 
During  the  remainder  of  the  period  (September,  1924,  to  March, 
1925),  Second  Lieut.  Mildred  P.  Carter,  Army  Nurse  Corps, 
administered  the  ward. 

The  commanding  officer  also  assigned,  as  assistants  to  the 
nurse  in  charge,  two  ward  orderlies  for  day  duty  and  one  ward 
master  for  night  duty,  all  three  of  whom  were  members  of  the 
Medical  Department  Detachment. 

One  of  the  most  important  functions  of  the*  nurse  in  charge 
and  her  assistants  was  the  immediate  detection  and  destruction 
of  any  mosquitoes  that  might  possibly  gain  entrance  to  the  ward. 
This  involved  the  inspection  of  all  screens  and  the  immediate 
repair  of  any  defects  found  and  frequent  daily  inspections  of 
dark  corners,  the  undersurfaces  of  beds,  tables,  desks,  chairs, 
etc.,  and  particularly  of  the  vestibules,  passageway,  and  bath 
room.  A  flashlight  was  used  in  making  these  inspections  and, 
as  different  groups  of  volunteers  were  brought  into  the  ward, 
their  interest  and  active  cooperation  was  obtained.  The  ward 
was  fitted  with  well-trapped  modern  plumbing  fixtures  and  the 
tops  of  vents  were  screened  and  kerosene  oil  was  applied  at 
weekly  intervals  to  toilet  flush  tanks  and  traps  in  the  plumbing. 
That  the  efforts  directed  toward  the  elimination  of  mosquitoes 
from  the  ward  were  highly  effective  is  evidenced  by  the  fact  that 
during  the  entire  period  of  the  transmission  experiments — July, 
1924,  to  March,  1925,  inclusive,  a  period  of  nine  months — only 
thirteen  mosquitoes  were  detected  in  the  ward,  vestibules,  and 
passageway.  The  data  pertinent  to  these  thirteen  mosquitoes 
are  as  follows: 

On  August  8,  1924,  Miss  Nichols,  the  nurse  in  charge,  caught 
and  killed  a  female  Aedes  aegypti  in  the  outer  ward.  On  August 
11,  1924,  she  captured  and  killed  two  additional  A.  aegypti  in 
the  outer  ward,  one  of  which  took  a  partial  feeding  of  blood 
from  her,  and  on  August  15,  she  killed  another.  Two  of  these 
mosquitoes  escaped  accidentally  from  one  of  the  biting  cages 
and  the  others  doubtless  gained  access  to  the  ward  while  addi- 
tional equipment  was  being  brought  in.  Two  screened  doors 
intervened  between  the  section  of  the  ward  in  which  these 
mosquitoes  were  captured  and  the  inner  ward  in  which  the  volun- 
teers were  at  that  time  in  isolation.  Our  first  positive  case  of 
transmission  by  Aedes  aegypti  did  not  develop  dengue  until 
October  16,  two  months  after  the  last  of  these  mosquitoes  was 
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caught,  and  during  this  period  careful  and  repeated  daily  search 
was  made  for  mosquitoes  by  the  nurse  in  charge,  by  the  ward 
attendants,  and  by  the  volunteers,  with  negative  results. 

One  female  Culex  quinquefasciattis  was  captured  on  Septem- 
ber 26,  and  another  on  October  12.  One  of  these  doubtless 
escaped  from  a  biting  cage  which  checked  one  female  short,  and 
the  other  probably  gained  entrance  through  a  small  defect  in 
one  window  screen  that  was  repaired  the  same  day.  Neither  of 
these  mosquitoes  took  any  blood  and,  furthermore,  they  have  no 
bearing  on  the  results,  as  this  species,  in  our  opinion,  has  been 
eliminated  as  a  possible  transmitter. 

The  seventh  mosquito  (species  unidentified)  was  caught  and 
killed  on  November  16.  It  entered  through  the  bathroom  win- 
dow screen  which,  when  examined  the  same  morning,  showed 
a  defect  caused  by  a  patient  leaning  against  it. 

On  March  1,  1925,  four  mosquitoes  (unidentified)  were  caught 
and  killed  in  the  outer  vestibule  leading  to  the  ward.  Three 
doors  intervened  between  them  and  the  ward  proper  (see  Plate 
8,  fig.  2,  for  location  of  vestibule) .  On  the  same  day  one  female 
Culex  quinquefasciatus  was  caught  in  the  screened  passageway 
leading  from  the  outer  to  the  inner  vestibule  (see  Plate  8,  fig.  2) . 
On  March  4,  1925,  one  male  of  the  same  species  was  caught  in 
the  ward  proper. 

To  summarize  briefly,  during  a  period  of  approximately  nine 
months  only  eight  mosquitoes  were  noted  in  the  experimental 
ward  and  five  in  the  vestibules,  and  in  each  instance  their  pres- 
ence could  be  accounted  for  and  the  portal  of  entry  was  imme- 
diately closed.  Four  of  the  eight  caught  in  the  ward  were  Aedes 
aegypti,  but  these  were  detected,  captured,  and  killed  two  months 
prior  to  the  occurrence  of  the  first  experimental  case  of  dengue. 
Only  one  of  the  entire  lot  (the  one  killed  on  November  15)  took 
blood  from  a  volunteer,  and  in  no  instance  could  the  presence 
in  the  ward  of  any  of  these  mosquitoes  be  connected  with  an  ex- 
perimental case. 

We  did  not  begin  to  obtain  positive  experimental  cases  until 
the  latter  part  of  the  dengue  season,  and  most  of  them  occurred 
during  the  dry  season  when  the  mosquito  population  is  reduced 
enormously  and  when  dengue  fever  occurs  only  sporadically 
under  natural  conditions. 

Management  of  the  experimental  subjects. — ^When  a  volunteer 
entered  the  experimental  ward  the  general  purposes  of  the  inves- 
tigations and  the  information  sought  in  the  particular  experi- 
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ment  to  be  made  on  him  were  explained;  thus  his  cooperation 
was  elicited  and  his  interest  stimulated.  He  was  informed  that 
it  would  be  necessary  for  him  to  remain  in  the  ward  until  dis- 
charged by  us  or  transferred  to  the  regular  dengue  fever  ward 
of  the  hospital,  and  the  presence  of  ward  personnel  throughout 
the  day  and  night  assured  compliance  with  this  regulation. 
The  volunteers  were  handled  in  the  same  manner  as  hospital 
patients.  Though  presumably  in  good  physical  condition,  they 
were  examined  by  the  medical  consultant.  Major  Riley.  Tem- 
perature, pulse,  and  respiration  were  recorded  at  least  four 
times  daily  throughout  the  entire  length  of  their  stay  in  the 
ward.  Routine  blood,  urine,  and  stool  examinations  were  made, 
and  three  Wassermann  tests  were  done  at  two-  or  three-day 
intervals. 

The  ward  was  visited  daily  by  at  least  one  member  of  the 
board  and  when  elevation  of  temperature  or  subjective  symp- 
toms suggestive  of  illness  of  any  kind  was  noted  Major  Riley 
was  called  in. 

TRANSMISSION  OF  DENGUE  BY  MOSQUITOES,  II 
INTRODUCTION 

In  the  preceding  section  (Part  I),  were  outlined  somewhat  in 
detail  the  plans  formulated  and  put  into  effect  preparatory  to 
the  initiation  of  the  dengue-transmission  experiments.  There 
also  were  included  some  observations  relative  to  the  life  habits 
of  the  two  species  of  mosquitoes  with  which  we  were  dealing, 
the  technic  adopted  in  handling  them  during  the  course  of  the 
experiments,  and  other  pertinent  information. 

This  section  (Part  II)  will  concern  itself  with  the  results 
obtained  in  the  experiments  and  conclusions  drawn  therefrom. 

Before  analyzing  the  data  at  hand,  it  will  be  well  to  state 
briefly  the  exact  information  sought  and  the  plan  followed  in 
making  the  experiments. 

As  was  indicated  in  the  introduction  to  Part  I,  our  first  object 
was  to  confirm  the  experiments  of  Bancroft  (1906)  and  of 
Cleland  and  Bradley  (1916)  in  which  they  succeeded  in  trans- 
mitting dengue  fever  by  the  use  of  Aedes  aegypti  mosquitoes. 
The  next  was  to  determine  whether  or  not  the  Culex  quinque- 
fasdatus  mosquito  is  a  transmitter. 

Having  demonstrated  to  our  own  satisfaction  that  Aedes 
aegypti  is  a  transmitter  and  that  Cvlex  quinquefasciatus  is  not, 
it  was  possible  to  initiate  a  series  of  experiments  concerning 
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the  mechanism  of  transmission  by  the  former.     These  experi- 
ments covered  the  following  points : 

Length  of  time  required  for  the  infected  mosquito  to  become  infective. 
Period  of  infectivity  of  the  dengue  patient  to  Aedes  aegypti. 
Length  of  time  the  infected  Aedes  aegypti  remains  infective. 
The  possibility  of  hereditary  transmission  in  the  mosquito. 
Miscellaneous  observations. 

As  the  method  of  procedure  adopted  in  the  experiments  with 
Cvlex  quinqiiefdsciatus  was  based  on  information  previously 
obtained  concerning  the  mechanism  of  transmission  by  Aedes, 
the  experiments  relating  to  Cvlex  transmission  are  not  reported 
in  the  order  outlined  above,  but  rather  in  logical  sequence. 

The  transmission  experiments  to  be  reported  include  a  total 
of  14  blood  inoculations,  5  of  which  were  positive;  111  biting 
experiments  with  Aedes  aegypti,  47  of  which  were  positive; 
and  7  biting  experiments  with  Culex  quinquefasciatus,  none  of 
which  were  positive. 

As  the  experiments  were  made  in  an  area  of  dengue  ende- 
micity,  it  was  necessary  not  only  to  protect  the  experimental 
subjects  from  the  bites  of  wild  mosquitoes  while  under  observa- 
tion, but  also,  before  carrying  out  any  experiments,  to  hold  them 
under  observation  for  a  sufficient  period  of  time  to  eliminate  the 
possibility  of  any  individual  being  in  the  incubation  period  of 
the  disease  at  the  time  of  admission  to  the  experimental  ward. 
In  the  literature  it  is  stated  that  the  incubation  period  of  dengue 
in  man  may  be  as  long  as  fifteen  days.  The  incubation  period 
of  the  experimentally  produced  cases  reported  in  the  literature 
ranged  from  two  to  ten  days,  except  in  one  case  (fifteen-day 
incubation)  reported  by  Cleland  and  Bradley  (1919-1920). 
Periods  of  incubation  of  less  than  four  days  occurred  in  indi- 
viduals who  were  given  intravenous  injections  of  blood.  The 
incubation  period  in  all  but  one  of  the  previously  reported  ex- 
perimental cases  produced  by  subcutaneous  inoculations  of  blood 
and  by  the  bites  of  infected  mosquitoes  was  between  four  and 
ten  days.  In  our  early  experiments,  we  adopted  the  plan  of 
holding  our  experimental  subjects  in  isolation  for  a  period  of 
thirteen  to  fifteen  days,  and  this,  plus  four  days'  minimum  in- 
cubation in  man,  assured  us  that  any  experiments  undertaken 
after  that  time  would  carry  us  well  beyond  the  reported  maxi- 
mum of  fifteen  days'  incubation. 

In  work  of  this  nature  in  the  military  service  the  time  factor 
is  of  importance,  as  commanding  officers  of  military  units  must 
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train  and  use  their  personnel  for  military  purposes.  We,  there- 
fore, restudied  the  evidence,  relating  to  incubation  periods  of  the 
disease  in  man  and  concluded  that  the  allowance  of  a  twelve-day 
incubation  period  would  suffice  to  carry  us  well  beyond  any  maxi- 
mum period  of  incubation.  That  this  estimate  was  accurate 
became  evident  as  the  number  of  positive  experimental  cases 
increased.  The  period  of  preliminary  observation  as  well  as 
the  time  interval  between  initial  and  secondary  biting  experi- 
ments, therefore,  was  reduced  to  a  minimum  of  eight  days 
(interval  of  observation,  eight  days,  plus  the  minimum  incu- 
bation period  of  four  days,  equals  the  maximum  incubation  period 
of  twelve  days)  and  that  time  interval  was  adopted  as  routine. 
That  the  procedure  adopted  was  fully  justified  is  evidenced  by 
the  fact  that  in  89  per  cent  of  forty-seven  cases  experimentally 
produced,  the  incubation  period  in  man  was  from  four  to  seven 
days,  inclusive.  The  incubation  period  in  three  instances  (6 
per  cent)  was  eight  days,  in  one  instance  nine  days,  and  in 
one  at  the  beginning  of  the  tenth  day.^^ 

In  conducting  the  experiments,  the  general  policy  was  followed 
in  each  set  of  experiments  of  using,  successively,  all  available 
methods  for  producing  the  disease  and  of  adequately  and  specif- 
ically controlling  all  negative  experiments.  The  following 
examples  will  suffice  to  explain  the  method  adopted: 

In  determining  the  minimum  time  required  for  the  infected 
Aedes  to  become  infective,  the  lots  of  mosquitoes  were  per- 
mitted to  bite  experimental  cases  on  the  first  day  of  their  disease. 
The  various  lots  were  then  held  for  eight,  nine,  and  ten  days, 
and  applied  to  volunteers.  Eight  or  more  days  later,  each  lot 
used  originally  on  a  volunteer  was  allowed  to  take  blood  from 
him  again,  usually  with  positive  results. 

If  any  lot  of  mosquitoes,  presumably  infective,  failed  to  pro- 
duce dengue,  other  lots  af  Aedes  that  had  produced  the  disease 
were  allowed  to  bite  the  same  man,  and  if  the  results  still  were 
negative  the  immunity  test  was  usually  repeated  by  subcutaneous 
injections  of  citrated  blood  containing  the  dengue  virus. 

In  the  Culex  experiments,  lots  of  both  Culex  and  Aedes  were 
infected  from  the  same  patient,  one  at  night  and  one  on  the 
following  morning,  or  vice  versa.     When  the  virus  had  had  time 

"  The  time  intervals  elapsing  between  biting  experiments  and  the  periods 
of  preliminary  observation  in  all  our  experiments  will  be  found  on  page 
97,  Table  2,  column  5,  and  the  incubation  period  in  each  of  the  positive 
cases  also  is  recorded,  in  column  16  of  the  same  table. 
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to  mature  in  the  lot  of  Culex,  the  mosquitoes  were  applied  to  the 
experimental  subject.  Eight  days  or  more  afterward,  the  re- 
sults being  negative,  the  mosquitoes  in  the  lot  of  Aedes  infected 
from  the  same  patient  during  the  same  day  were  applied  to  the 
same  volunteer. 

In  the  formulation  of  the  plan  of  procedure  to  be  adhered  to 
in  conducting  the  initial  experiments  it  was  determined  that  the 
known  facts  relating  to  the  transmission  of  dengue,  plus  the 
information  available  in  the  literature  relative  to  the  transmis- 
sion of  yellow  fever  by  mosquitoes,  would  serve  as  a  basis. 

Our  initial  series  of  experiments  with  both  Culex  and  Aedes 
were  all  negative.  Six  volunteers  were  used  and  the  mosquitoes 
were  infected  from  patients  in  the  dengue  ward  of  the  Sternberg 
General  Hospital  who  had  acquired  the  disease  naturally.  These 
patients  presumably  were  in  the  second,  third,  and  fourth  days 
of  the  disease.  Two  of  them  had  mild  attacks,  and  the  one  in 
the  fourth  day  of  the  disease  had  a  well-marked  terminal  rash. 
The  negative  results  were  controlled  by  the  injection  subcuta- 
neously  of  citrated  blood  from  patients  with  dengue.  Three  of 
the  six  volunteers  then  came  down  with  typical  attacks  of  den- 
gue, and  it  was  from  these  patients  that  a  strain  of  the  virus  was 
secured.  We  know  now  that  the  negative  results  obtained  in  our 
initial  experiments  were  due  to  the  combined  influence  of  a 
number  of  factors,  including  the  following: 

The  patients  used  for  infecting  the  mosquitoes  probably  were 
in  a  more  advanced  stage  of  dengue  than  was  thought  to  be  the 
case  at  the  time  (soldiers  with  dengue  seldom  report  themselves 
as  sick  until  the  second,  third,  or  fourth  day  of  the  illness,  and 
frequently  go  through  a  mild  attack  without  ever  reporting 
"sick")  ;  the  original  number  of  mosquitoes  used  was  too  small, 
and  by  the  time  they  had  become  infective,  many  were  dead  or 
the  number  remaining  was  inadequate  for  the  experiment  con- 
templated; the  virus  had  not  undergone  an  adequate  develop- 
mental period  in  the  mosquitoes;  and,  finally,  three  of  the 
experimental  subjects  were  immune. 

The  outstanding  lesson  learned  from  these  initial  experiments 
was  the  fact  that  it  is  of  the  greatest  importance,  in  the  conduct 
of  experiments  in  insect  transmission  of  dengue,  first  to  produce 
an  experimental  case  of  the  disease  by  the  injection  of  blood 
containing  the  living  virus,  and  from  the  experimental  case  so 
produced  (concerning  which  all  pertinent  information  is  at  hand) 
to  infect  several  lots  of  the  mosquitoes  to  be  used  in  transmission 
work.     Had  this  point  been  sufficiently  appreciated  by  us  the 
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time  devoted  to  transmission  experiments  would  have  been 
shorter  and  much  worry  would  have  been  avoided. 

When  an  experimental  subject  began  to  show  symptoms  sug- 
gestive of  dengue,  he  was  examined  by  a  member  of  the  board 
and  a  tentative  diagnosis  was  made.  Major  Riley,  the  consult- 
ing internist  for  the  board,  was  then  called  in ;  all  diagnoses  of 
dengue  in  our  experimental  subjects  were  made  by  him.  When 
a  positive  diagnosis  was  made  the  patient  was  immediately 
transferred  to  the  regular  dengue  ward  of  the  hospital. 

The  clinical  features  of  dengue  are  discussed  in  detail  else- 
where in  this  series  of  reports,  but  it  is  pertinent  to  this  partic- 
ular discussion  (mosquito  transmission)  to  define  what  we 
considered  the  essential  indications  of  the  time  of  onset  of  the 
disease. 

In  a  considerable  proportion  of  cases  of  dengue  the  onset  is 
sudden  and  the  time  factor  can  be  fixed  quite  accurately,  but  in 
others  definite  subjective  symptoms  may  precede  sustained  ele- 
vation of  temperature  by  several  hours,  or  even  by  a  day  or 
more.  In  this  particular  investigation  we  considered  it  desir- 
able to  use  some  fairly  definite  and  easily  measurable  symptom ; 
sustained  elevation  of  temperature  appearing  with  or  following 
characteristic  subjective  symptoms  was  selected  as  the  criterion. 

The  system  adopted  in  assigning  numerical  designations  to 
the  several  lots  of  mosquitoes  and  to  the  experimental  subjects 
was  as  follows : 

All  lots  of  mosquitoes  were  numbered  serially,  1  to  900,  etc. 

The  volunteers  used  as  experimental  subjects  also  were  given 
serial  numbers,  but  each  number  was  preceded  by  the  letter  A, 
B,  or  C,  dependent  upon  the  type  of  the  experiment.  A  number 
preceded  by  the  letter  "A''  indicates  Aedes  transmission ;  by  the 
letter  "B,"  blood  transmission;  and  by  the  letter  "C,"  Culex 
transmission. 

It  is  obvious  that  sometimes  a  single  volunteer  might  be  carried 
under  several  numbers  in  one  or  more  of  the  three  series,  de- 
pendent on  the  nature  of  the  experiments  undertaken.  Thus, 
Private  Prock  was  carried  as  C-1,  A~3,  and  B-2,  as  three  trans- 
mission experiments  were  made  on  him — experimental  biting 
by  both  Culex  and  Aedes  and  final  blood  injection. 

The  results  obtained  in  the  different  series  of  experiments  are 
summarized  in  the  text  in  tabular  form  and  the  various  tables 
are  discussed  and  the  conclusions  drawn  therefrom  given. 
Details  of  technic,  abstracts  of  clinical  histories,  and  accounts  of 
biting  experiments  in  each  case  are  incorporated  in  the  Appendix. 
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CONFIRMATION    OF    PREVIOUS    REPORTS    OF   TRANSMISSION    OF   DENGUE    BY 

AEDES    AEGYPTI 

Some  of  our  early  efforts  to  transmit  by  Aedes  mosquitoes 
met  with  no  success,  due  almost  entirely  to  the  fact  that  the 
patients  in  the  dengue  ward  of  the  Sternberg  General  Hospital 
used  in  infecting  the  lots  of  Aedes  were  in  late  stages  of  the 
disease.  This  leads  us  to  emphasize  again  the  importance,  in 
experimental  work  of  this  nature,  of  first  producing  the  disease 
by  blood  inoculations  and  transferring  the  virus  to  the  insect 
from  this  source,  especially  in  order  that  there  may  be  no  doubt 
as  to  the  date  of  onset.  In  our  early  experiments  we  also  had 
the  misfortune  of  encountering  volunteers  who  were  immune. 

In  later  experiments,  however,  we  confirmed  the  previously 
reported  transmission  of  dengue  fever  by  Aedes  aegypti  in  a 
total  of  forty-seven  experimental  subjects.  For  the  sake  of 
completeness  and  to  form  a  basis  for  the  discussion  of  certain 
phases  of  the  mechanism  of  transmission  the  salient  facts  rela- 
tive to  all  positive  experimental  transmissions  are  incorporated 
in  Table  2. 

The  clinical  features  of  these  experimental  cases  are  dis- 
cussed in  detail  elsewhere.  Suffice  it  to  say,  in  connection  with 
this  particular  section,  that  we  encountered  all  clinical  types  of 
the  disease;  that  in  all  but  six,  if  not  in  all,  the  cases  were 
derived  from  one  strain  of  the  virus ;  that  all  positive  diagnoses 
were  made  by  the  medical  consultant  for  the  board,  Maj.  P.  C. 
Riley,  who  was  thoroughly  conversant  with  all  clinical  types 
of  dengue ;  and  that  all  members  of  the  board  were  in  agreement 
on  the  diagnoses  made. 

LENGTH  OF  TIME  REQUIRED  FOR  THE  AEDES  MOSQUITO  INFECTED  WITH   DENGUE 
VIRUS   TO   BECOME  INFECTIVE 

Aedes  aegypti  mosquitoes  that  had  been  infected  twenty-five 
days  previously  were  the  transmitting  agents  in  our  first  two 
positive  experimental  cases  (A-12  and  A-13).  These  cases 
both  came  down  with  the  disease  October  16,  1924.  In  the  next 
four  positive  cases  the  lots  of  infected  Aedes  had  been  infected, 
respectively,  twenty-nine,  thirty-six,  fourteen,  and  fourteen 
days  previously. 
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The  next  step  in  our  experiments,  therefore,  was  to  determine 
the  minimum  incubation  period  of  the  virus  in  the  infected  mos- 
quito. The  method  of  procedure  adopted  in  making  and  prop- 
erly controlling  this  series  of  experiments  was  as  follows : 

Several  lots  of  Aedes  mosquitoes  were  allowed  to  bite  ex- 
perimentally produced  cases  of  dengue  during  the  first  day  of 
the  disease.  These  lots  were  applied  to  volunteers  seven,  eight, 
nine,  ten,  eleven,  and  twelve  days  after  the  infection  of  the 
mosquitoes.  When  the  experiment  yielded  negative  results  the 
experimental  subject  was  again  exposed  to  the  lot  used  in  the 
original  attempt  to  infect.  With  two  exceptions,  the  time  inter- 
vening between  the  first  and  the  second  experiments  was  not 
less  than  eight  days.  The  results  obtained  are  incorporated  in 
Table  3. 

In  making  these  experiments  eight  volunteers  were  used  and 
in  each  set  of  experiments  the  lots  of  mosquitoes  were  infected 
from  patients  with  dengue  on  the  day  of  onset  of  the  disease. 

All  six  experiments  made  with  lots  of  mosquitoes  in  which  the 
virus  had  been  allowed  to  develop  for  from  seven  to  ten  days, 
inclusive,  gave  negative  results.  The  negative  results  in  these 
cases  were  controlled  positively  by  having  the  experimental  sub- 
jects bitten  by  the  same  lots  of  Aedes  but  in  which  the  virus 
had  now  remained  for  considerably  longer  periods  of  time 
(seventeen  to  twenty  days).  Two  experiments  were  made  with 
lots  of  mosquitoes  infected  eleven  days  previously  and  in  one 
instance  the  result  was  negative  with  a  positive  control  later, 
and  in  the  other  dengue  was  successfully  transmitted  on  initial 
biting  by  infected  Aedes, 

Conclusion, — On  the  basis  of  the  evidence  presented  above,  we 
feel  that  we  can  state  with  confidence  that  the  dengue  virus  must 
remain  in  the  female  Aedes  for  a  period  of  more  than  ten  days 
before  the  insect  becomes  capable  of  transmitting  it  to  human 
beings.  The  evidence  indicates  that  even  on  the  eleventh  day 
after  infection  of  the  Aedes,  the  virus  may  not  have  reached  such 
a  state  that  the  bite  of  the  mosquito  is  certainly  infective. 

PERIOD  OF   INPECTIVITY  OF  THE  DENGUE  PATIENT   TO  AEDES   AEGYPTI 

Having  established  the  fact  that  infected  Aedes  are  not  ca- 
pable of  transmitting  the  virus  of  dengue  until  approximately 
the  eleventh  day  after  their  infection,  it  was  felt  that  the  next 
problem  requiring  solution  was  related  to  the  stages  of  the 
disease  during  which  the  individual  with  dengue  is  capable  of 
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infecting  mosquitoes.  The  method  pursued  in  determining  this 
point  was  as  follows: 

Experimental  subjects  with  dengue  fever  were  bitten  by  several 
lots  of  Aedes  aegypti  on  the  day  of  onset  and  each  day  thereafter 
for  three  to  four  days  (first  to  fourth  or  fifth  day  of  dengue) . 
The  lots  so  infected  were  then  held  for  sixteen  to  twenty-six 
days.  Subsequently  the  lots  potentially  infected  on  the  second, 
third,  fourth,  and  fifth  days  of  dengue  were  applied  to  experi- 
mental subjects.  A  period  of  at  least  eight  days  was  then 
allowed  to  elapse,  after  which  time,  if  dengue  had  not  developed, 
the  negative  results  were  controlled  by  reexposure  of  the  subject 
to  lots  of  Aedes  infected  on  the  first  day  of  the  disease,  pref- 
erably from  the  same  dengue  case.  The  results  covering  this 
phase  of  the  investigation  are  summarized  in  Table  4. 

Experiments  were  made  on  fourteen  individuals  in  this  series. 
The  onset  of  symptoms  was  sudden  in  all  except  two  (Working 
and  Wach)  of  the  experimental  subjects  used  for  infecting  the 
lots  of  Aedes. 

Our  four  attempts  to  produce  dengue  in  volunteers  by  expos- 
ing them  to  the  lots  of  mosquitoes  that  had  bitten  patients  on  the 
fourth  and  fifth  days  of  an  attack  (two  experiments  in  each  in- 
stance) were  negative.  Two  of  the  patients  (Hughes  and  Wach) , 
used  to  determine  their  inf ectiveness  for  mosquitoes  on  the  fourth 
and  fifth  days  of  the  disease,  still  had  slight  elevation  of  temper- 
ature on  the  day  the  Aedes  were  allowed  to  bite;  but  in  the 
third  case  (Dembowski)  the  temperature  was  normal  throughout 
the  day. 

The  four  experiments  were  controlled  by  exposing  the  same 
individuals  (Calog,  Byrd,  Barnes,  and  Brock)  to  the  lots  of 
Aedes  infected  from  the  same  individuals,  but  during  the  first 
day  of  the  attack ;  this  time  all  came  down  with  dengue. 

Nine  attempts  were  made  to  transmit  with  the  lots  of  Aedes 
that  had  bitten  patients  on  the  third  day  of  dengue.  Six  gave 
negative  results  (Maloy,  Stokes,  Tanis,  Shade,  Foos,  and  Peter- 
son), and  the  remaining  three  (Hughes,  Wach,  and  Nelson)  were 
positive.  In  five  of  the  six  negative  experiments  the  lots  of 
Aedes  took  blood  from  patients  who  had  definite  elevation  of 
temperature  on  that  day.  In  the  three  positive  experiments, 
there  was  elevation  of  temperature  on  the  third  day  also  in  the 
patients  used  to  infect  the  mosquitoes. 

All  negative  results,  with  two  exceptions  (Foos  and  Peterson) , 
were  positively  controlled  by  a  rebiting  by  Aedes  infected  from 
the  same  patients,  but  on  the  first  day  of  their  dengue.     The  two 
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exceptions,  which  also  were  positive  controls,  were  made  for 
another  purpose;  namely,  to  demonstrate  the  length  of  time 
the  infected  Aedes  continue  to  be  infective. 

Having  determined  that  individuals  with  dengue  are  infective 
for  Aedes  during  the  first  three  days  of  the  disease  it  was  of 
considerable  practical  importance,  from  the  viewpoint  of  pre- 
vention, to  determine  whether  an  individual  on  the  verge  of  an 
attack  is  capable  of  infecting  mosquitoes  immediately  prior  to 
the  actual  onset  of  symptoms.  Information  was  sought  on  this 
point  in  the  following  manner : 

The  volunteers  were  first  bitten  by  infected  mosquitoes. 
Then,  beginning  on  the  third  day  following  this  initial  infective 
biting,  freshly  bred  lots  of  normal  Aedes  were  allowed  to  bite 
them  on  each  day  of  their  incubation  period.  Such  daily  biting, 
using  new  and  uninfected  mosquitoes  each  day,  was  continued 
until  the  volunteer  showed  the  first  sustained  fever  indicative 
of  the  onset  of  dengue. 

The  lots  thus  potentially  infected  in  the  late  incubationary 
stages  were  held  in  order  to  permit  development  of  the  virus  and 
then,  to  test  their  infectivity,  they  were  applied  to  new  volun- 
teers. The  negative  results  were  controlled  subsequently  by  ex- 
posure of  the  experimental  subjects  to  Aedes  infected  from  the 
same  patients,  but  on  the  first  day  of  the  disease.  The  results 
obtained  in  this  series  of  experiments  are  summarized  in  Table  5. 

Seven  volunteers  were  used  in  this  series  of  experiments  and 
the  lots  of  Aedes  used  for  transmission  were  infected  from  four 
experimental  subjects  in  the  late  prodromal  stages  of  dengue. 
In  all  except  one  (Hockett)  of  the  four  patients  used  for  the 
initial  infection  of  the  Aedes,  the  onset  of  symptoms — a  com- 
bination of  subjective  symptoms  and  elevation  of  temperature — 
was  sudden,  though  definite  subjective  symptoms  (headache, 
lassitude)  appeared  from  six  to  ten  hours  prior  to  elevation  of 
temperature.  The  remaining  patient  (Hockett)  complained  of 
headache  for  three  days  before  definite  onset  of  dengue.  He 
also  complained  of  feeling  ill  on  the  morning  of  the  day  of  onset, 
but  his  case  was  not  definitely  diagnosed  as  dengue  until  the 
evening  of  the  same  day. 

It  may  be  said,  therefore,  that  the  information  recorded  in 
columns  8  and  9  of  Table  2  may  be  relied  on,  except  in  the  case 
of  Private  Hockett,  who  had  indefinite  prodromal  symptoms  of 
dengue  for  three  days  prior  to  definite  onset. 

In  four  instances  (Jensen,  Deane,  Essary,  and  Hammitt),  we 
failed  to  produce  dengue  by  exposure  to  Aedes  potentially  in- 
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fected  from  patients  1.25  to  2.25  days  prior  to  the  definite  onset 
of  dengue.  In  one  instance  (Clark,  Wm.  G.),  an  attack  of 
dengue  occurred  following  exposure  to  Aedes  infected  from  a 
patient  2.25  days  prior  to  the  appearance  of  definite  symptoms 
of  dengue;  but,  as  was  pointed  out  above,  the  patient  (Hockett) 
used  for  initial  infection  of  this  lot  of  Aedes  manifested  indef- 
inite prodromal  symptoms  of  dengue  for  three  days  before  actual 
onset. 

In  two  instances  (McAllister  and  Duncan)  we  produced  den- 
gue by  exposure  to  the  lots  of  Aedes  infected  from  patients 
twelve  to  eighteen  hours  prior  to  definite  onset  of  dengue.  The 
four  subjects  (Jensen,  Deane,  Essary,  and  Hammitt)  who  did 
not  contract  dengue  as  a  result  of  the  initial  experiments,  were 
rebitten  by  lots  of  Aedes  infected  from  the  same  sources  but 
in  later  stages  (twelve  hours  prior  to  onset  to  six  hours  after 
onset) ,  and  all  came  down  with  typical  attacks  of  dengue. 

Conclusions, — In  our  opinion  the  evidence  obtained  from  this 
series  of  experiments  warrants  the  following  statement: 

Individuals  with  dengue  fever  are  infective  to  the  Aedes  mos- 
quito during  the  first  three  days  of  the  disease,  but  after  the  sec- 
ond day  the  mosquito  fails,  not  infrequently,  to  pick  up  the  virus. 

Furthermore,  individuals  in  the  late  prodromal  stages  of  den- 
gue— ^from  six  to  eighteen  hours  prior  to  the  onset — sometimes 
are  infective  to  Aedes  aegypti. 

LENGTH  OF  TIME  THE  INFECTED  A^DES  AEGYPTI  REMAINS  INFBCTIVB 

The  information  concerning  the  duration  of  infectivity  in  the 
infected  Aedes  aegypti  is  included  in  Table  5,  column  13,  and  is 
summarized  in  Table  6.  Only  forty-three  positive  cases  are 
included,  as  three  of  our  experimental  cases  resulted  from  ex- 
posure to  two  or  more  lots  of  Aedes. 

Table  6. — Summary  of  data  shown  in  Table  5. 

Lots. 


Days  after  their 
infection    that 

Aedea  aegypti  pro- 
duced dengue. 
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Positive  results  were  not  obtained  until  the  eleventh  day  after 
infection,  and  from  that  time  onward  we  succeeded  in  transmit- 
ting the  virus  by  mosquitoes  as  long  as  seventy-five  days  after 
their  infection,  positive  results  having  been  obtained  sixty-two, 
sixty-six,  and  seventy-five  days  subsequent  to  infection. 

Conclusion. — We  believe  the  evidence  obtained  justifies  the 
statement  that  after  the  female  of  Aedes  aegypti  has  become 
infective  she  is  capable  of  transmitting  the  virus  of  dengue 
throughout  the  remainder  of  her  natural  life. 

ELIMINATION    OF   CULEX   QUINQUEFASCIATUS    (C.   FATIGANS)    AS   A 
TRANSMITTER  OF  DENGUE 

In  making  this  series  of  experiments  the  plan  followed  was  to 
permit  lots  of  both  Culex  quinquefasciatus  and  Aedes  aegypti 
to  take  a  feeding  of  blood  from  the  same  experimental  case  on 
the  same  day  at  night,  and  another  feeding  during  the  day. 
These  potentially  infected  lots  were  then  held  for  at  least  twelve 
days,  the  period  that  would  be  required  for  the  mosquitoes  to 
become  infective.  The  experimental  subjects  were  then  bitten 
by  the  Culex  mosquitoes  and  observed  for  the  appearance  of 
symptoms  of  dengue.  When  a  period  of  time  exceeding  the 
incubation  of  the  disease  in  man  had  elapsed,  the  negative  Culex 
experiments  were  controlled  by  allowing  the  volunteers  to  be 
bitten  by  the  A.  aegypti  infected  from  the  same  sources  on  the 
same  day.     The  results  obtained  are  summarized  in  Table  7. 

Briefly,  this  table  shows  that  in  seven  instances  we  failed  to 
produce  dengue  fever  in  volunteers  who  were  bitten  by  adequate 
numbers  of  potentially  infected  Culex  quinquefasciatus.  When 
the  experiment  was  controlled  by  exposing  the  same  volunteers 
to  Aedes  aegypti,  infected  from  the  same  patients  on  the  same 
day,  we  succeeded  in  every  instance  in  producing  dengue.  In 
only  one  of  the  seven  experiments  could  the  results  be  ques- 
tioned— on  the  basis  of  insufficient  inoculum — namely,  in  the 
case  of  the  Culex  experiment  with  Abies  C-8  who  was  bitten 
by  only  two  Culex;  but,  on  the  other  hand,  dengue  was  trans- 
mitted to  another  volunteer  in  the  same  series — Alexander  A- 
20 — by  the  bites  of  two  A.  aegypti. 

Conclusion. — We  believe  the  conclusion  is  justified  that  Culex 
quinquefasciatus  does  not  transmit  dengue  fever. 

POSSIBILITY  OF  THE  HEREDITARY  TRANSMISSION  OF  THE  VIRUS  OF  DENGUE 
IN  THE  MOSQUITO 

In  view  of  the  statements  made  by  Marchoux  and  Simond  rel- 
ative to  the  transmission  of  the  virus  of  yellow  fever  through 
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the  egg  of  the  infected  mosquito  (1905,  1906)  and  the  importance 
of  this  matter  from  the  standpoint  of  the  prevention  of  dengue, 
information  was  sought  experimentally  on  this  point.  The  plan 
adopted  in  making  this  series  of  experiments  was  as  follows  : 

Eggs  were  collected  from  the  lots  laid  by  Aedes  that  had  been 
proved  to  be  infected.  In  order  to  be  certain  of  this  the  mos- 
quitoes that  had  been  applied  to  a  dengue  patient  on  the  first  day 
of  his  disease  were,  after  an  adequate  period  (twelve  or  more 
days),  allowed  to  bite  a  new  and  presumably  susceptible  volun- 
teer. On  the  fourth  and  fifth  days  after  this  second  biting  the 
females  laid  eggs;  these  were  collected  and  hatched.  If  the 
volunteer,  bitten  after  the  mosquitoes  had  become  infective,  came 
down  with  dengue,  the  infectivity  of  the  mosquitoes  that  laid 
the  eggs  was  considered  to  be  demonstrated.  The  mosquitoes 
bred  from  such  eggs  were  the  ones  used  in  this  series  of  ex- 
periments. In  some  instances,  the  females  that  were  the  source 
of  the  eggs  were  permitted  to  bite  first-day  experimental  cases 
a  second  time,  the  purpose  being  to  infect  them  doubly  and  thus 
increase,  if  possible,  the  likelihood  of  transfer  of  the  dengue 
virus  to  the  eggs  laid  subsequent  to  such  feedings.  The  adult 
Aedes  bred  from  such  eggs  were  preserved  in  separate  mixed 
lots  and  were  held  for  from  three  to  forty-two  days  prior  to 
their  experimental  use.  During  this  period  they  were  fed  solely 
on  an  aqueous  solution  of  sugar. 

They  were  allowed  to  take  blood  from  three  experimental  sub- 
jects. A  period  of  eight  days  was  allowed  to  elapse  before  the 
various  lots  were  again  applied  to  the  same  patient.  After  a 
further  period  of  eight  days  the  negative  results  were  controlled 
by  exposing  each  of  the  volunteers  to  the  lots  of  Aedes  known 
to  be  infected  and  most  of  which  had  actually  caused  dengue. 
In  one  instance  a  still  further  control  was  made  with  dengue- 
infected  blood.     The  results  are  summarized  in  Table  8. 

Three  volunteers  were  used  in  this  series,  and  the  initial  ex- 
periments with  Aedes  bred  from  the  eggs  of  infected  females 
were  entirely  negative. 

When  the  negative  results  were  controlled  by  exposure  of  the 
subjects  to  the  lots  of  infected  Aedes  two  of  them  promptly  came 
down  with  dengue.  In  the  third  case  (Davis)  an  attempt  was 
made  to  infect  with  two  lots  of  Aedes  (763  and  769)  from  which 
were  bred  many  of  the  insects  used  in  the  initial  experiments. 
There  were  only  five  females  remaining  in  these  two  lots  and, 
notwithstanding  the  fact  that  they  were  applied  on  two  occasions 
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on  the  same  day  (March  10,  1925),  only  two  would  take  blood. 
The  lots,  when  used,  were  rather  old  (ninety-one  and  ninety-five 
days  subsequent  to  their  infection)  and  it  was  noted  that,  though 
all  endeavored  to  take  blood,  only  two  succeeded  in  piercing 
the  skin ;  the  inference  is  that  old  age  had  resulted  in  degenera- 
tive changes  of  such  a  nature  that  the  proboscis  could  not  be 
inserted. 

Conclusion, — We  believe  the  conclusion  is  justified  that  the 
virus  of  dengue  fever  does  not  pass  from  the  infected  Aedes 
through  its  eggs  to  the  next  succeeding  generation. 

MISCELLANEOUS  OBSERVATION^ 

The  major  phases  of  our  experimental  work  and  the  conclusions 
drawn  therefrom  have  been  reported  in  preceding  pages. 

Other  observations  of  interest  and  value  were  made  during 
the  course  of  the  experiments,  and  the  more  important  of  these 
will  be  discussed  in  the  following  paragraphs. 

Period  of  incubation  in  man. — As  has  been  stated  elsewhere, 
the  criteria  adopted  for  fixing  the  time  of  onset  consisted 
of  a  combination  of  subjective  symptoms  plus  elevation  of  tem- 
perature that  thereafter  continued  above  the  normal  range.  The 
use  of  these  factors  as  a  basis  enabled  us  to  fix  the  incubation 
period  fairly  accurately.  In  some  instances,  in  which  the  onset 
was  sudden,  subjective  symptoms  preceded  sustained  elevation 
of  temperature  by  a  few  hours,  but  temperature  above  the  nor- 
mal constituted  the  determining  factor. 

The  incubation  periods  in  the  forty-seven  experimental  cases 
are  recorded  in  Table  2,  column  16,  page  97,  and  are  sum- 
marized in  Table  9. 
Table  9. — Incubation  period  in  forty-seven  cases  of  experimental  dengue. 


Period. 

Absolute 
numbers. 

Per  cent 
of  total. 

Per  cent  of 
total  by 
groups. 

89 
11 

Beginning  of  fourth  to  beginning  of  fifth  day 

11 
18 
7 
6 
3 
1 
1 

23 
38 
15 
13 
6 
2 
2 

Beginning  of  fifth  to  beginning  of  sixth  day  _ 

Beginning  of  sixth  to  beginning  of  seventh  day 

Beginning  of  seventh  to  beginning  of  eighth  day 

Beginning  of  eighth  to  beginning  of  ninth  day 

Beginning  of  ninth  to  beginning  of  tenth  day 

Beginning  of  tenth  to  beginning  of  eleventh  day 

Total         - - 

47 

In  61  per  cent  of  the  forty-seven  experimental  cases  the  in- 
cubation period  falls  between  the  beginning  of  the  fourth  and 
beginning  of  the  sixth  day  after  experimental  biting.     In  forty- 
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two  (89  per  cent)  of  the  forty-seven  cases,  incubation  ranged 
from  four  to  seven  days,  inclusive.  In  three  instances  (6  per 
cent)  the  onset  was  delayed  to  the  eighth  day.  In  one  case 
(Watkins  A--40),  the  onset  was  fixed  as  being  on  the  ninth  day 
(9.25  days),  but  it  is  known  that  he  had  some  suggestive  sub- 
jective symptoms  for  a  day  or  so  prior  to  definite  onset.  In 
one  other  case  (St.  Hill  A-60)  the  onset  was  at  the  beginning  of 
the  tenth  day,  though  the  patient  began  to  have  slight  subjective 
symptoms  two  or  three  hours  prior  to  that  time. 

Conclusion. — The  incubation  period  of  dengue  fever  in  non- 
immunes under  the  natural  conditions  encountered  in  the  Philip- 
ippines  usually  is  from  four  to  seven  days,  inclusive,  exceptionally 
extending  to  the  tenth  day  after  infective  biting.  As  will  be 
pointed  out  in  the  section  of  this  report  dealing  with  immunity, 
the  onset  of  symptoms  may  be  delayed  until  the  eleventh  day  in 
the  case  of  individuals  who  are  partially  immune. 

Immunity. — The  experiments  relating  to  immunity  are  dis- 
cussed elsewhere  in  this  series  of  reports,  and  the  only  reason 
for  referring  to  them  in  this  connection  is  to  emphasize  the  fact 
that  in  doing  experimental  work  with  diseases  transmitted  by 
insects  in  an  area  of  endemicity,  immune  individuals. are  quite 
likely  to  be  encountered,  and  negative  experiments  that  the- 
oretically should  have  been  positive  are  frequently  explicable  on 
this  basis. 

Notwithstanding  the  fact  that  the  volunteers  used  by  us  in 
our  early  experiments  were  carefully  selected  with  a  view  to  the 
exclusion  of  those  who  had  had  previous  attacks  of  dengue,  we 
encountered  four  individuals  (Wolde,  Smith,  Ptak,  and  Thomas) 
in  whom  we  could  not  induce  an  attack  of  dengue  by  repeated 
exposure  to  lots  of  Aedes  known  to  have  been  infected;  nor 
could  we  produce  it  in  three  of  the  four  by  subcutaneous  inocu- 
lations of  blood  containing  the  living  dengue  virus. 

It  also  is  desirable  to  refer  to  the  fact  that  three  of  the  first 
six  experimental  subjects  (Chambers,  McNevin,  and  Hartman) 
also  gave  negative  results  with  mosquitoes  and  with  blood ;  but, 
in  view  of  our  present  knowledge  regarding  the  mechanism  of 
transmission,  we  have  discarded  these  cases  as  proving  nothing, 
for  the  following  reasons:  The  virus  had  not  remained  in  the 
Aedes  long  enough  for  them  to  have  become  infective ;  the  Aedes 
may  have  failed  to  pick  up  the  virus  from  the  dengue  patients  to 
which  they  were  exposed  (late  stages  of  the  disease) ;  or  it  is 
possible  that  the  blood  used  in  the  final  control  experiments 
did  not  contain  the  living  dengue  virus    (it  was  taken  from 
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patients  in  the  late  stages  of  dengue) .  One  of  these  volunteers 
(Chambers),  in  March,  1925,  was  given  an  injection  of  blood 
containing  the  dengue  virus  and  he  came  down  with  an  attack 
of  dengue. 

Altogether,  sixty-four  men  were  used  in  our  mosquito  transmis- 
sion experiments  and  in  this  series  we  encountered  six  indi- 
viduals (Wolde,  Smith,  Ptak,  Thomas,  Wilson,  and  Carroll)  who 
proved  to  be  entirely  refractory  even  with  control  experiments. 
Three  additional  individuals  (Chambers,  McNevin,  and  Hart- 
man)  also  seemed  to  be  refractory,  but  they  were  eliminated 
from  consideration  for  the  reasons  stated  above.  Whether  or 
not  Wilson  and  Carroll  may  have  had  mild  attacks  is  discussed 
in  the  clinical  section.     There  is  some  reason  to  believe  they  had. 

Strains  of  the  virus  u^sed. — The  strains  of  virus  used  by  us  were 
obtained  from  two  sources;  one  from  a  patient  in  Sternberg 
General  Hospital,  United  States  Army  (Collins) ,  on  the  third  day 
of  the  attack,  and  one  from  a  member  of  the  board  (Siler) ,  on  the 
first  day  of  dengue.  There  is  no  doubt  in  our  minds  that  the 
two  strains  were  identical  and  that  the  disease  in  the  latter 
instance  was  acquired  through  laboratory  infection.  This  in- 
ference is  based  on  the  following  facts:  During  the  early  part 
of  October,  1924,  the  type  of  netting  used  on  some  of  the  mos- 
quito storage  cages  had  too  large  a  mesh,  and  a  few  infected 
Aedes  were  checked  short;  furthermore,  some  of  our  experi- 
mental cases  came  down  with  dengue  on  the  same  day  that  the 
member  of  the  board  came  down  (October  16,  1924). 

The  first  strain  (from  Collins)  was  transferred  to  three  vol- 
unteers by  subcutaneous  inoculations  of  blood,  and  from  the 
volunteers  so  infected  we  obtained  the  strain  that  was  used  in 
producing  dengue  experimentally  in  forty-one  individuals. 

The  second  strain  (from  Siler)  was  transferred  directly  to 
Aedes  by  exposing  them  to  the  patient  during  the  first  day  of 
the  disease,  and  produced  experimental  dengue  in  six  volunteers, 
after  which  it  was  discarded. 

The  passage  of  these  two  strains  from  man  to  mosquito  through 
successive  generations  is  indicated  in  fig.  2. 

The  strain  of  the  virus  obtained  from  the  member  of  the  board 
was  used  for  infecting  purposes  through  three  generations  only 
and  revealed  nothing  of  particular  interest. 

The  strain  obtained  from  patient  Collins  was  passed  succes- 
sively from  human  subjects  through  mosquitoes  and  back  to  man 
for  six  generations  of  mosquitoes.  The  clinical  types  of  dengue 
observed  in  the  cases  produced  experimentally  by  this  strain 
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are  discussed  in  detail  elsewhere,  but  it  is  pertinent  to  this  dis- 
cussion to  state  that  every  conceivable  clinical  type  of  dengue 
was  encountered.  That*the  virus  did  not  suffer  attenuation  by 
successive  passage  through  the  mosquitoes  is  evidenced  by  the 
fact  that  Clark  (A.  L.)  A-89,  and  Deane  A-111,  were  infected  by 
Aedes  representative  of  the  fifth  passage  of  the  virus  through 
mosquitoes,  and  the  attacks  of  dengue  from  which  they  suffered 
were  as  severe  as  any  that  have  ever  been  observed  by  us.  On 
the  other  hand,  it  cannot  be  claimed  that  there  was  evidence,  of 
any  increase  of  virulence  as  a  result  of  continuous  passage  of  the 
virus  alternately  through  man  and  mosquito. 

Number  of  Aedes  used  in  individual  experiments. — We  were 
aware  of  the  fact  that,  in  demonstrating  the  mechanism  of  trans- 
mission of  yellow  fever,  the  Yellow  Fever  Commission  of  the 
Medical  Department,  United  States  Army,  had  used  very  limited 
numbers  of  mosquitoes  in  each  experiment. 

As  the  disease  with  which  we  were  dealing  was  mild  in 
character  and  without  mortality,  and  since  many  factors  relating 
to  the  mechanism  of  its  transmission  required  solution,  we 
considered  it  the  better  part  of  wisdom  to  use  considerable 
numbers  of  infected  mosquitoes  in  each  experiment. 

The  numbers  of  infected  Aedes  that  actually  took  blood  from 
the  experimental  subjects  at  the  time  of  infecting  them  with 
dengue,  in  our  forty-seven  positive  transmission  experiments, 
are  shown  in  Table  10. 

Table  10. — Showing  numbers  of  infected  Aedes  mosquitoes  that  took  blood 
from  experiTnental  patients. 


Positive 
transmission 
experiments. 

Number  of 

Aedes  used  to 

produce  dengue. 

Positive 
transmission 
experiments. 

Number  of 

Aedes  used  to 

produce  dengue. 

2 

2 

3 

16 

1 

3 

1 

18 

4 

4 

1 

19 

2 

5 

1 

20 

4 

6 

1 

22 

4 

7 

1 

23 

1 

8 

2 

25 

2 

9 

1 

28 

4 

10 

2 

30 

1 

11 

1 

34 

2 

12 

1 

36 

4 

13 

1 

14 

47 

In  twenty-four,  or  50  per  cent,  of  the  positive  cases  the  non- 
immunes were  bitten  by  from  two  to  ten  infected  mosquitoes. 
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In  two  instances  dengue  was  produced  experimentally  by  the 
bites  of  two  Aedes. 

Three  or  four  attempts  were  made  to  transfer  the  virus  with 
a  single  infected  Aedes  but,  unfortunately,  the  subjects  used 
were  proven  subsequently  to  be  immune  and  the  demonstration 
of  this  point  was  not  considered  to  be  of  sufficient  practical  or 
even  theoretical  importance  to  justify  the  use  of  military  per- 
sonnel solely  for  this  purpose. 

Time  interval  allowed  for  preliminary  isolation  and  interval 
between  transmission  experiments. — In  all  experiments,  except 
one,  the  period  of  preliminary  observation  as  well  as  the  time 
interval  between  transmission  experiments  was  not  less  than 
eight  days  and  in  no  case  exceeded  eighteen  days.  In  two-thirds 
(thirty-one)  of  the  forty-seven  successful  transmissions  the 
interval  was  from  eight  to  eleven  days,  inclusive;  in  fifteen 
others  it  extended  from  twelve  to  eighteen  days,  inclusive.  In 
one  instance  (DemboVski  A-50)  the  interval  was  shortened  to 
seven  days.     The  facts  in  this  case  are  as  follows: 

He  had  been  exposed  previously  to  three  lots  of  mosquitoes 
with  negative  results.  He  was  then  exposed  to  a  lot  of  Aedes 
that  had  been  infected  eleven  days  previously;  since  the  re- 
sults were  negative  after  a  period  of  seven  days  he  was  re- 
bitten  by  the  same  Aedes;  the  virus  had  at  this  time  remained 
in  the  mosquitoes  eighteen  days.  Seven  and  a  quarter  days 
after  the  last  exposure  he  came  down  with  an  attack  of  dengue. 
Our  interpretation  of  this  series  of  transmission  experiments 
was  that  the  infection  was  due  to  the  last  exposure  to  Aedes. 

In  89  per  cent  of  the  forty-seven  positive  transmissions  the 
incubation  period  of  the  disease  was  from  four  to  six  days,  in- 
clusive, and  in  no  instance  was  it  delayed  beyond  the  beginning 
of  the  tenth  day.  A  minimum  period  of  eight  days  for  isolation 
and  to  cover  the  interval  between  transmission  experiments, 
plus  a  minimum  allowance  of  four  days  for  incubation  of  the 
virus  in  man,  assured  us  of  a  minimum  allowance  of  twelve 
days  to  cover  any  possible  delayed  incubation  period  in  man. 
The  maximum  incubation  period  (one  case)  observed  in  the 
forty-seven  cases  constituting  this  series  did  not  exceed  ten 
days,  and  the  interpretation  of  the  results,  in  our  opinion,  is 
not  open  to  criticism. 

Transmission  with  blood. — ^As  the  investigations  made  by 
Ashburn  and  Craig  in  Manila  (1907)  and  by  Cleland,  Bradley, 
and  McDonald  in  Australia   (1916,  1917)   were  complete  and 
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thorough,  no  special  work  was  done  by  us  on  this  phase  of  the 
problem.  Transmission  experiments  with  virus  blood  were  made 
by  us  for  two  purposes  only — ^to  demonstrate  immunity  and  to 
obtain  a  strain  of  the  virus. 

The  results  of  the  immunity  experiments  are  recorded  else- 
where in  these  reports.  In  six  instances  subcutaneous  inocula- 
tions of  from  0.5  to  1  cubic  centimeter  of  virus  blood  were  made 
as  final  negative  controls.  In  three  other  instances  (Reed  B-1, 
Prock  B-2,  and  Richards  B~3),  virus  blood  was  injected.  All 
three  men  came  down  iwith  dengue,  and  it  was  from  these  three 
experimental  cases,  all  inoculated  with  the  same  strain  of  the 
virus,  that  we  obtained  the  strain  used  in  forty-one  of  our  posi- 
tive mosquito-transmission  experiments.  The  incubation  period 
of  the  blood-transmission  cases  was  from  six  and  one-half  to 
seven  and  one-quarter  days  (6.5,  6.75,  and  7.25  days). 

DISCUSSION 

A  brief  general  discussion  of  these  experiments  is  desirable 
on  account  of  the  striking  parallelism  between  the  mechanism 
of  transmission  of  dengue  and  that  of  yellow  fever.  Both  are 
transmitted  by  the  same  species  of  mosquito,  the  patient  in 
both  is  infective  to  the  mosquito  during  the  first  three  days  of 
his  illness,  the  development  period  of  the  virus  in  the  mosquito 
is  the  same  for  both,  and  in  both  instances  the  infected  mosquito 
retains  its  infectivity  throughout  life.  The  fundamental  epi- 
demiological characteristics  of  both  diseases  are  very  similar. 
Both  are  due  to  filtrable  viruses  which  are  present  in  the  periph- 
eral blood  stream  of  the  patient,  and  both  diseases  can  be 
produced  in  the  susceptible  individual  by  injection  of  the  virus- 
containing  blood  or  its  filtrate;  clinically  there  are  many  points 
of  resemblance  between  mild  cases  of  yellow  fever  and  typical 
cases  of  dengue,  and  their  differentiation  may  be  impossible; 
the  first  stage — ^that  of  congestion — is  practically  identical  in 
the  two  diseases;  in  both  diseases  leucopenia  with  increase  of 
lymphocytes  occurs;  both  confer  more  or  less  immunity  and, 
whereas  that  resulting  from  yellow  fever  is  commonly  believed 
to  be  lasting,  it  may  depend,  in  part  at  least,  upon  the  degree  to 
which  the  immunizing  functions  of  the  body  are  stimulated. 

The  epidemiological  factors  common  to  both  diseases  sum- 
marized briefly  above  suggest  the  possibility  that  the  living 
organisms  causing  both  may  fall  into  the  same  group,  and  it  is 
with  these  facts  in  mind  that  the  results  of  the  experiments  will 
be  discussed. 
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Transmitting  agent. — Considering  first  the  insect  transmitter, 
it  has  been  suggested  that  mosquitoes  other  than  Aedes  (Stego- 
myia)  aegypti  Linnseus  may  be  vectors  of*  dengue;  namely, 
Culex  quinquefasciatits  Say.  We  feel  that  the  evidence  obtained 
in  our  experimental  work  quite  definitely  excludes  C.  quinqiie- 
fasciatiis.  With  regard  to  other  species,  particularly  species 
of  Aedes  other  than  aegypti,  the  statement  is  justified  that  their 
small  number  makes  impossible  their  importance  in  the  trans- 
mission of  dengue  in  and  about  Manila. 

All  available  evidence  indicates  that  both  yellow  fever  and 
dengue  are  transmitted  solely  by  Aedes  aegypti,  and  epidemio- 
logical evidence  seems  at  present  so  strong  as  to  make  it  doubtful 
if  any  other  species  will  ever  be  found  important  in  the  spread 
of  dengue. 

Incubation  period  of  the  virus  in  the  mosquito. — It  was  only 
from  the  eleventh  day  subsequent  to  their  infection  that  we 
were  able  to  produce  dengue  through  the  bites  of  infected  Aedes, 
and  the  same  phenomenon  has  been  observed  for  yellow  fever. 
The  evidence  we  have  obtained  suggests  that,  even  on  the 
eleventh  day  after  the  infection  of  the  mosquito,  the  virus  may 
not  have  developed  sufficiently  to  make  it  invariably  capable 
of  producing  the  disease.  It  is  probable  that  not  until  the 
twelfth  to  the  fourteenth  day  after  its  passage  into  the  mosquito 
does  the  virus  attain  a  high  degree  of  invasive  power.  It  has 
been  demonstrated  that  there  is  a  similar  threshold  of  uncer- 
tainty just  previous  to  the  time  when  the  mosquito  carrier  of 
the  virus  of  yellow  fever  becomes  highly  infective ;  the  evidence 
indicates  that  the  chronology  of  development  of  the  two  viruses 
in  the  mosquito  is  identical. 

Period  of  infectivity  of  the  patient. — In  dengue,  as  was  found 
to  be  the  case  in  yellow  fever,  the  patient  is  infective  to  mos- 
quitoes  during  the  first  three  days  of  his  illness.  Since  dengue 
fever  is  very  mild,  as  compared  with  yellow  fever,  it  was  pos- 
sible for  us  to  investigate  somewhat  more  fully  this  phase  of 
the  problem.  We  found  that  the  individual  with  dengue  is 
infective  to  Aedes  during  the  late  prodromal  stages  of  the 
disease  several  hours  prior  to  the  appearance  of  definite  symp- 
toms. The  evidence  indicates  very  definitely,  as  would  be  ex- 
pected, that  the  patient  is  most  infective  to  the  mosquito  during 
the  first  day  of  his  illness  and  by  the  end  of  the  third  day  the 
virus  has  disappeared  from  the  peripheral  circulation  or  has 
become  so  attenuated  or  diluted  that  the  Aedes  does  not  become 
infected.     In  severe  and  somewhat  prolonged  cases  of  dengue, 
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it  is  conceivable  that  even  on  the  fourth  day  of  the  attack  the 
virus  may  be  present  in  the  peripheral  circulation  in  sufficient 
concentration  to  insure  its  transfer  to  the  Aedes,  but  we  believe 
that  this  occurs  with  such  rarity  as  to  be  of  no  practical  im- 
portance. 

Were  it  feasible  to  investigate  the  infective  period  of  the 
patient  with  yellow  fever,  it  is  very  probable  that  like  results 
would  be  obtained. 

Length  of  time  infected  Aedes  aegypti  remain  infective. — 
Once  an  Aedes  aegypti  has  taken  the  virus  of  dengue  into  its 
body  and  become  capable  of  transmitting  it,  this  quality  usually 
is  retained  throughout  the  remainder  of  its  life.  A  like  char- 
acteristic has  been  demonstrated  to  apply  to  yellow  fever. 

Hereditary  transmission  of  the  dengue  virus  in  the  mos- 
quito.— Information  concerning  this  factor  in  transmission  is 
of  considerable  importance,  and  we  feel  that  the  experimental 
evidence  incorporated  in  this  report  justifies  the  statement  that 
hereditary  transmission  of  the  virus  through  the  egg  of  the 
infected  mosquito  does  not  occur. 

Marchoux  and  Simond  (1905)  report  that  they  succeeded,  in 
one  instance,  in  producing  yellow  fever  with  mosquitoes  bred 
from  the  eggs  of  infected  mosquitoes. 

We  have  reviewed  their  report  and,  while  the  experimental 
evidence  on  which  their  conclusions  are  based  is  very  suggestive, 
we  believe  that  some  of  the  arguments  presented  by  them  in 
support  of  their  conclusions  are  not  well  founded,  and  also  that 
the  subject  of  the  one  positive  result  reported  might  possibly 
have  acquired  the  disease  from  some  other  source. 

One  of  the  principal  reasons  given  by  these  investigators  for 
undertaking  the  experiments  in  transmission  through  eggs  was 
their  assumption  that  only  in  this  way  was  it  possible  to  explain 
the  reappearance  of  yellow  fever  in  certain  localities  at  certain 
times.  We  believe  that  it  is  just  as  reasonable,  and  in  fact 
more  so,  to  assume  that  the  disease  is  kept  going  in  areas  of 
endemicity  through  its  occurrence  in  mild  form  in  children  and 
through  mild  "missed''  cases  in  other  nonimmunes  concerning 
whom  the  health  authorities  have  no  information.  We  are  quite 
confident  that  dengue  is  kept  going  in  its  endemic  centers,  cer- 
tainly in  Manila,  in  this  manner. 

It  is  now  known  that  the  eggs  of  Aedes  aegypti  are  very 
resistant  to  an  unfavorable  environment  and  will  hatch  sub- 
sequent to  storage  for  several  months  in  a  dry  place.  Experi- 
ments made  by  us  show  that  eggs  will  hatch  after  storage  for 
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at  least  ten  weeks  at  low  temperatures.  The  records  of  epi- 
demics of  yellow  fever  in  geographical  areas  in  which  low 
atmospheric  pressure  obtains  throughout  the  winter  months 
evidence  the  fact  that  epidemics  cease  with  the  advent  of  cold 
weather  and  do  not  recur  the  following  hot  season  unless  the 
disease  is  re-imported,  even  though  a  large  proportion  of  the 
population  still  is  nonimmune.  These  factors  do  not  favor 
the  hypothesis  of  transmission  through  the  egg. 

Coming  now  to  the  experimental  case  reported,  there  seems 
to  be  no  doubt  that  it  was  a  mild  case  of  yellow  fever,  though 
without  some  of  the  characteristic  symptoms — albuminuria, 
jaundice,  and  black  vomit. 

The  symptomatology  recorded  is  strikingly  similar  to  that 
frequently  observed  in  cases  of  dengue,  but  this  possibility  was 
fairly  definitely  excluded  in  the  control  biting  experiments  with 
infected  Aedes,  though  not  completely  so,  insofar  as  we  can 
determine  from  the  report.  (The  mosquitoes  infected  from  cases 
of  yellow  fever  and  used  in  the  control  experiments  never  ac- 
tually produced  a  case  of  yellow  fever.)  There  is  the  remote 
possibility,  therefore,  that  the  investigators  were  dealing  with 
dengue  rather  than  with  yellow  fever,  but  this  interpretation 
is  in  all  probability  not  the  correct  one. 

As  the  number  of  potentially  infected  mosquitoes  used  in  the 
two  control  experiments  was  small  (two  in  the  one  instance  and 
one  in  the  other)  there  remains  the  possibility  that  the  insects 
used  were  incapable  of  transmitting  the  virus.  Failures  of  this 
nature  have  been  reported  in  experimental  yellow-fever  work, 
and  we  had  similar  experiences  in  our  dengue-transmission 
experiments. 

Assuming  that  the  subject  of  the  experiment  actually  had  a 
mild  attack  of  yellow  fever,  it  is  possible  (or  even  probable) 
that  the  infection  was  acquired  from  mosquitoes  other  than 
those  actually  used  by  the  experimenters.  It  seems  to  us  that 
the  environment  in  which  the  experimental  subject  lived,  in  so  far 
as  protection  from  wild  infected  mosquitoes  is  concerned,  is 
subject  to  serious  criticism.  The  subject  remained  in  a  labora- 
tory to  which  his  meals  were  brought,  and  the  inference  that  one 
would  draw  from  reading  the  report — ^which  we  concede  may 
possibly  be  an  incorrect  one — is  that  work  was  being  carried 
on  in  the  laboratory  during  the  period  of  his  confinement  therein, 
that  infected  mosquitoes  were  kept  in  the  same  room,  and  that 
there  must  have  been  occasion  to  open  the  doors  leading  to  the 
room  many  times  each  day. 


124  ^^^  Philippine  Journal  of  Science 


1926 


There  is  the  possibility,  therefore,  that  an  infected  mosquito 
gained  entrance  or  that  an  infected  mosquito  inside  the  room 
accidentally  escaped  and  that  the  infection  was  acquired  in  this 
manner.  Even  though  the  incubation  period  fitted  in  so  per- 
fectly, we  believe  that  one  isolated  case  of  this  kind  should  not 
be  given  undue  weight. 

We  feel,  therefore,  that  considering  the  obvious  flaws  in  the 
experiment  itself  and  the  fact  that  this  one  case  constitutes  the 
unique  support  for  the  supposition  that  the  yellow-fever  virus 
may  pass  through  the  mosquito  hereditarily,  there  is  here  no 
basis  for  discussing  the  transfer  of  the  yellow-fever  virus 
through  the  egg  of  the  Aedes.  Our  completely  negative  results 
in  attempts  to  cause  the  dengue  virus  to  go  through  the  egg  of 
this  mosquito  to  the  succeeding  generation  lead  us  to  believe 
that  such  inheritance  does  not  occur  in  the  case  of  dengue. 

SUMMARY 

This  report  presents  in  detail  a  somewhat  extensive  series  of 
experiments  relating  to  the  transmission  of  dengue  by  mos- 
quitoes. These  investigations  have  been  pursued  by  the  United 
States  Army  Medical  Department  Research  Board  at  the  Bureau 
of  Science  and  at  the  Sternberg  General  Hospital  in  Manila. 

Part  I  considers  the  plans  and  arrangements  made  and  the 
preliminary  work  done  in  preparation  for  the  actual  experi- 
mental work.  Part  II  concerns  itself  with  the  various  sets  of 
experiments  made,  the  results  obtained,  and  the  conclusions 
drawn  therefrom. 

Part  L — The  preliminary  arrangements  had  for  their  basis 
the  scope  of  the  work  contemplated,  which  covered  the  following 
points:  Confirmation  of  the  reported  transmission  of  dengue 
by  the  mosquito  Aedes  (Stegomyia)  aegypti;  incrimination  or 
elimination  of  Culex  quinquefasciattts  as  a  transmitter;  and  in- 
vestigation of  the  exact  mechanism  of  transmission  by  mos- 
quitoes. 

Only  two  species  of  mosquitoes  were  used  in  the  transmission 
experiments,  A.  aegypti  and  C.  quinquefasciatus,  and  the  reasons 
for  so  doing  are  explained.  The  arguments  presented  indicate 
that  no  species  other  than  these  two  are  concerned  in  the  trans- 
mission of  dengue  in  Manila. 

All  the  mosquitoes  used  in  the  experiments  were  bred  from 
the  egg,  A  period  of  approximately  four  months  was  spent  in 
testing  various  food  substances  that  might  be  suitable  for  the 
propagation  of  larvae  and  in  developing  and  perfecting  a  routine 
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breeding  technic.  Normal  horse  serum  was  finally  selected  for 
this  purpose,  and  formalin  1:  2,500  to  1:  5,000)  was  added  to 
inhibit  bacterial  growth.  In  the  later  stages  of  the  experimental 
work  many  experiments  were  made  in  breeding  larvse  in  solu- 
tions of  tap  water  to  which  slices  of  ripe  banana  had  been  added, 
and  this  type  of  food  was  found  to  be  superior  to  blood  serum. 
In  work  of  a  similar  nature  the  use  of  banana  as  food  for  larvae 
is  recommended  for  both  A.  aegypti  and  C.  quinquefasciatus. 

All  reserve  stocks  of  adult  mosquitoes  were  fed  on  aqueous 
solutions  of  sugar,  and  this  type  of  food  proved  to  be  satisfactory 
in  all  respects. 

As  a  rule  A.  aegypti  mosquitoes  were  used  experimentally  for 
initial  biting  from  two  to  seven  days  after  emergence,  and  C. 
quinqueforsciatics  mosquitoes  were  not  more  than  five  days  old 
when  first  fed  on  blood. 

The  exact  number  of  mosquitoes,  as  well  as  the  species  used 
in  each  experiment,  was  always  known,  and  the  biting  of  human 
beings  was  always  under  control  and  exclusively  at  the  will  of 
the  board. 

After  the  infecting  exposure  to  dengue  patients  of  freshly 
bred  mosquitoes,  all  not  showing  complete  distention  with  blood 
were  removed  and  killed.  It  was  known,  therefore,  that  all 
mosquitoes  used  subsequently  to  determine  their  infectivity  for 
volunteers  had  been  potentially  infected. 

Freshly  bred  Aedes  aegypti  would  not  bite  freely  on  the  day 
of  their  emergence,  but  after  they  had  taken  food  (solution  of 
sugar)  and  had  been  fertilized,  they  took  blood  freely — usually 
100  per  cent  of  them. 

Aedes  aegypti  in  the  Philippine  Islands  bite  freely  at  any 
time  during  the  day,  and  night  biting,  though  unusual,  also  is 
observed.  The  biting  habits  of  C  quinquefasciatus  were  found 
to  be  erratic;  they  would  take  blood  only  at  night  and,  even 
under  the  most  favorable  conditions,  but  a  relatively  small  pro- 
portion would  do  so. 

The  experimental  subjects  consisted  of  military  personnel  that 
proffered  their  services  voluntarily.  Sixty-four  men  were  used. 
The  volunteers  were  specially  selected  and  in  general  met  certain 
basic  requirements — freedom  from  disease,  including  syphilis; 
short  service  in  the  Philippines ;  and  nonimmunity  to  dengue. 

The  experiments  were  made  in  a  specially  prepared  ward  in 
a  large  military  hospital  in  Manila,  and  extraordinary  precau- 
tions were  taken  to  exclude  mosquitoes.     The  ward  was  admin- 
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istered  by  specially  selected  personnel,  one  of  the  most  important 
functions  of  whom  was  the  detection  and  destruction  of  mos- 
quitoes that  might  possibly  gain  entrance  to  the  ward  or  its 
vestibules. 

Part  11. — The  transmission  experiments  presented  in  this 
report  include  a  total  of  fourteen  injections  of  virus  blood,  of 
which  five  were  positive;  one  hundred  eleven  biting  experiments 
with  Aedes  aegypti,  of  which  forty-seven  were  positive;  and 
seven  biting  experiments  with  Culex  quinquefasciatus,  all  of 
which  gave  negative  results.  Among  the  sixty-four  volunteers 
used,  dengue  was  produced  experimentally  in  fifty-two  instances 
(81  per  cent). 

In  the  conduct  of  the  experiments,  the  general  policy  was 
adopted,  in  each  series,  of  using  successively  all  available  meth- 
ods for  producing  the  disease — ^biting,  followed  in  many  in- 
stances by  repetition,  and  this  followed  in  turn  by  injections  of 
virus  blood.  All  negative  results  were  adequately  controlled — 
biting  by  mosquitoes  known  to  be  infective  or  by  injections  of 
virus  blood. 

Previous  reports  of  the  transmission  of  dengue  by  Aedes 
aegypti  were  confirmed — forty-seven  positive  results. 

Experiments  were  made  with  eight  volunteers  to  fix  the  in- 
cabation  period  of  the  virus  in  the  mosquito,  and  it  was  found 
that  the  mosquito  did  not  become  infective  until  the  eleventh  day 
after  its  infection.  The  evidence  obtained  indicates  that  even 
on  the  eleventh  day  after  their  infection  Aedes  aegypti  may  be 
incapable  of  transmitting  the  virus.  The  limits  of  incubation 
of  the  virus  in  the  mosquito  apparently  are  from  the  eleventh  to 
the  fourteenth  day. 

Experiments  were  made  with  twenty-one  volunteers  to  de- 
termine the  stages  during  which  dengue  patients  are  infective 
to  Aedes  aegypti.  The  results  obtained  indicate  that  the  patient 
is  infective  to  mosquitoes  during  the  first  three  days  of  the 
disease,  but  that  on  the  third  day  of  an  attack  the  mosquito  will 
frequently  fail  to  pick  up  the  virus.  It  is  demonstrated,  fur- 
thermore, that  individuals  in  the  late  prodromal  stages  of 
dengue — six  to  eighteen  hours  prior  to  onset — are  infective  to 
Aedes. 

The  experimental  evidence  obtained  warrants  the  statement 
that  once  Aedes  aegypti  becomes  capable  of  transmitting  the 
virus  to  human  beings  this  characteristic  is  retained  through- 
out the  remainder  of  the  mosquito's  life.     Experimental  dengue 
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was  produced  in  three  volunteers  with  mosquitoes  that  had 
been  infected,  respectively,  sixty-two,  sixty-six,  and  seventy-five 
days  previously. 

Endeavors  were  made  to  infect  seven  volunteers  with  poten- 
tially infected  Culex  quinquefasciatus  (C.  fatigans),  and  all 
such  experiments  were  entirely  negative.  The  volunteers  were 
then  bitten  by  Aedes  aegypti,  infected  from  the  same  sources 
and  on  the  same  day  as  the  C.  quinquefasciatus  used  in  the 
previous  experiments,  and  all  came  down  with  dengue.  The 
conclusion  is  drawn  that  Culex  quinquefasciatus  does  not  trans- 
mit dengue. 

Three  volunteers  were  used  to  ascertain  the  possibility  of  the 
hereditary  transmission  of  the  virus  in  the  mosquito.  The  re- 
sults obtained  were  entirely  negative.  When  the  experimental 
subjects  were  subjected  to  control  experiments  all  three  de- 
veloped dengue.  The  evidence  suggests  very  definitely  that  the 
virus  of  dengue  fever  is  not  carried  from  infected  Aedes  aegypti 
through  its  eggs  to  the  next  succeeding  generation. 

The  incubation  period  of  the  disease  in  the  forty-seven  ex- 
perimental cases  varied  from  four  to  ten  days,  inclusive.  For 
all  practical  purposes  the  incubation  period  may  be  considered 
as  being  from  four  to  six  days,  inclusive,  as  it  fell  within  that 
period  in  89  per  cent  of  the  experimental  cases  reported. 

In  forty-one  of  the  forty-seven  cases  of  dengue  experimentally 
produced  the  virus  was  derived  from  the  same  strain,  and  this 
strain  was  passed  from  man  to  mosquito  and  back  to  man 
through  six  generations.  There  was  no  evidence  that  the  virus 
suffered  attenuation  or  that  its  virulence  was  increased  as  a 
result  of  continuous  alternate  passage  through  man  and  mos- 
quito. 

The  numbers  of  potentially  infected  Aedes  that  took  blood  for 
infecting  purposes  in  the  forty-seven  positive  cases  varied  from 
two  to  thirty-six,  and  50  per  cent  of  the  positive  cases  were 
bitten  by  from  two  to  ten  potentially  infected  mosquitoes. 

The  preliminary  periods  of  isolation  and  the  time  interval 
between  biting  experiments,  with  one  exception,  were  not  less 
than  eight  days  and  did  not  exceed  eighteen  days. 

EPIDEMIOLOGY  OF  DENGUE  IN  THE  PHILIPPINE  ISLANDS 
INTRODUCTION 

The  consideration  of  the  epidemiology  of  dengue  in  the  Phil- 
ippines is  limited  mainly  to  the  study  of  the  manifestations  of 
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the  disease  among  the  foreign  population,  for  the  reason  that 
it  seldom  affects  the  native  in  a  recognizable  form  and  is  not 
a  factor  in  mortality.  Whether  the  native  Filipino  enjoys  an 
absolute  immunity  to  dengue  or  is  protected  by  repeated  reinfec- 
tion from  earliest  childhood  will  be  discussed  in  the  consideration 
of  the  immunity  conferred  by  an  attack  of  the  disease. 

The  fact  that  dengue  is  rarely  a  cause  of  death  accounts  for 
the  lack  of  all  statistics  from  civil  sources  as  to  its  prevalence. 
Hence  we  have  no  definite  knowledge  of  the  extent  to  which  it 
occurs  in  Caucasians  of  long  residence  in  the  Islands.  The 
general  opinion  of  physicians  and  of  old  residents  is  that  when 
an  American  or  European  first  arrives  in  the  Philippines  he 
will  almost  certainly  contract  dengue  within  his  first  year. 
Many  of  them  suffer  subsequent  attacks,  in  general  of  dimin- 
ishing severity,  until  after  several  years  the  attacks,  if  they 
occur  at  all,  are  so  mild  and  so  atypical  that  they  may  no 
longer  be  certainly  recognized  as  dengue.  Occasionally,  after 
many  years  of  such  freedom,  a  typical  form  of  the  disease 
develops.  It  seems  certain,  therefore,  though  the  opinion  is 
not  supported  by  any  statistical  evidence,  that  a  considerable 
degree  of  immunity  or  tolerance  is  developed  as  the  result  of 
repeated  attacks.  The  military  establishment,  however,  fur- 
nishes large  numbers  of  unprotected  individuals  annually,  and 
only  from  the  army  are  morbidity  statistics  available  on  which 
to  estimate  the  prevalence  and  importance  of  the  disease. 

The  statistical  data  presented  herein  were  obtained  from  the 
Annual  Reports  of  the  Surgeon  General  of  the  United  States 
Army,  from  reports  on  file  in  the  Office  of  the  Surgeon,  Phil- 
ippine Department,  and  from  the  retained  records  on  file  at 
the  various  stations. 

DENGUE  IN   THE   MILITARY   ESTABLISHMENT 

Although  a  nonfatal  disease  of  short  duration,  dengue  has 
shown  itself  in  the  past  to  be  capable  of  seriously  crippling  a 
military  command  in  the  field,  and  for  this  reason  the  disease  is 
well  worth  the  attention  of  students  of  preventive  medicine  as 
applied  to  the  military  forces.  Preventive  medicine  has  ac- 
complished notable  results  in  the  Philippines  in  the  years  of 
American  occupation,  and  it  may  be  pointed  out  here  that  the 
general  morbidity  and  mortality  rates  of  troops  in  the  Islands 


29,  1-2 


Siler,  Hall,  and  Hitchens:  Dengue 


129 


have  shown  a  marked  decline,  as  practical  methods  of  handling 
the  problems  involved  have  developed  and  been  put  into  practice. 
The  figures  showing  the  tendency  to  improvement  in  sickness 
and  death  among  the  troops  are  given  in  Table  11  and  are 
graphically  presented  in  figs.  3  and  4. 
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Fig.  3.     Chart  showing  morbidity  and  mortality  rates,  disease  only,  American  and  Filipino 
troops    (enlisted)    on  duty  in  the  Philippine  Islands. 
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Chart  showing  admissions,   disease  only,   American   and  Filipino  troops,   Philippine 
Islands,  1904  to  1924,  inclusive.     Rate  per  1,000. 


Table  11. — Adrmssvons  and  deaths    (disease   only)    among  American   and 
Filipino  troops^  Philippine  Islands,  190U  to  192^,  inclusive.'' 


Year. 


1904_ 
1905. 
1906. 
1907_ 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914- 
1915. 
1916 
1917. 
1918. 
1919. 
1920. 
1921- 
1922. 
1923- 
1924. 


Strength. 

American. 

Filipino. 

11,996 

4,610 

11,057 

4,732 

12,380 

4,759 

11,699 

4,679 

11,971 

5,085 

12,844 

5,369 

12,277 

5,093 

12,454 

5,266 

12,357 

5,407 

11,188 

5,096 

10,253 

5,020 

11,834 

5,505 

11,580 

5,579 

10,879 

5,509 

7,381 

5,982 

5,422 

8,391 

10,574 

7,295 

8,134 

6,998 

5,628 

6,549 

3,789 

7,050 

4,869 

7,072 

Admissions,  disease 
only,  rate  per  1,000. 


American.      Filipino, 


1,473 

1,387 

1,494 

1,260 

1,208 

1,156 

1,048 

1,028 

1,075 

776 

747 

871 

714 

832 

1,030 

827 

1,042 

730 

743 

887 

1,019 


1,023 
1,137 
1,175 
981 
908 
831 
748 
667 
617 
585 
618 
483 
407 
482 
1,023 
488 
357 
347 
377 
429 
462 


Deaths,  disease  only, 
rate  per  1,000. 


American.      Filipino. 


3.83 
3.89 
4.52 
4.27 
5.03 
4.09 
3.08 
1.93 
2.99 
2.55 


7.59 
6.47 
8.93 
5.13 
5.57 
6.14 
3.58 
3.23 
3.09 
2.67 
2.19 
1.63 
2.33 
1.27 
13.21 
3.81 
1.65 
2.43 
2.90 
2.27 
1.97 


»  Figures  from  Annual  Reports  of  the  Surgeon   General,   United  States  Army. 

The  former  chart  (fig.  3),  plotted  on  a  logarithmic  scale  to 
allow  comparison  between  the  sickness  and  death  rates,  shows 
that  from  1904  to  1916  there  was  a  general  decline  in  morbidity, 
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and  at  a  nearly  uniform  rate,  as  is  evidenced  by  the  fact  that 
the  rates  for  these  years  plot  out  in  a  nearly  straight  line.  The 
decline  in  mortality  roughly  parallels  that  of  morbidity.  The 
» improvement  in  both  respects  is  more  marked  for  Filipino  troops 
than  for  Americans.  Following  1916  the  increasing  morbidity 
and  mortality  associated  with  the  evolution  of  the  great  in- 
fluenza epidemic  began  to  make  itself  felt,  reaching  a  peak  in 
1918.  Following  this  peak  the  mortality  has  again  shown  a 
tendency  to  decline,  but  the  admission  rate  has  in  general  main- 
tained itself  at  a  level  slightly  higher  than  before  the  influenza. 
This,  however,  is  true  only  for  American  troops,  as  the  chart 
shows  that  the  rates  during  the  later  years  continue  relatively 
much  lower  for  Filipinos  than  for  the  whites.  The  rates  for 
admissions,  disease  only,  for  the  two  groups  are  arithmetically 
plotted  in  fig.  4.  This  chart  shows  even  more  definitely  the 
lower  rates  in  recent  years. 

The  rates  for  dengue,  on  the  contrary,  show  no  such  satisfac- 
tory trend.  The  morbidity  statistics  for  dengue,  1902  to  1924, 
inclusive,  are  incorporated  in  Table  12  and  presented  graphi- 
cally in  figs.  5  arid  6. 
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Fig.  5.  Chart  showing  morbidity  rates,  dengue  fever.  United  States  military  troops  on  duty 
in  the  Philippine  Islands,  1902  to  1924,  inclusive.  Rates  per  1,000  per  annum  for  American 
and  Filipino  troops   (enlisted  only). 
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Fig.  6.  Chart  showing  admission  rates,  dengue  fever,  military  forces  on  duty  in  the  Philip- 
pine Islands,  1902  to  1924,  inclusive.  Rates  per  1,000  per  annum  for  American  troops 
(enlisted)    and  for  Filipino  troops    (enlisted). 


In  the  charts  the  rates  for  Filipino  and  American  troops  are 
plotted  separately,  showing  the  marked  difference  in  rates  be- 
tween the  two  groups.  Both  colored  and  white  troops  are  in- 
cluded as  "American,"  because  during  the  years  when  a  suffi- 
cient number  of  colored  troops  were  present  in  the  Islands  to 
make  their  rates  of  any  value,  no  significant  differences  were 
shown  between  them  and  those  of  the  white  troops.  In  the 
interpretation  of  the  data  thus  presented  it  is  essential  that  two 
points  be  borne  in  mind.  The  first  is  that  for  a  number  of  years 
the  tour  of  duty  in  the  Philippines  for  American  troops  has 
been  limited  to  two  years  and  for  the  past  twenty  years  has  not 
exceeded  three  years.  But  few  exceptions  have  been  made  to  this 
general  rule  and,  practically  speaking,  there  is  a  complete  turn- 
over of  the  American  personnel  every  two  years.  This  means, 
of  course,  that  unprotected  individuals  are  arriving  from  the 
United   States  on  every  transport,  constantly  adding  nonim- 
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munes  to  the  military  population,  and  this  turnover  naturally 
accounts  for  the  unduly  high  rates  in  American  troops. 

Table  12. — Admissions  for  dengue  fever,  1902  to  192If,  inclusive,  Philippine 

Departments 


Year. 

American  troops. 

Filipino  troop 

s. 

Strength. 

Cases. 

Rate  per 
l,OCOper 
annum. 

Strength. 

Cases. 

Rate  per 
1,000  per 
annum. 

147 
30 
12 

7 

16 
13 
11 
12 
18 
15 
23 
13 

6 
17 
11 
42 
29 
11 
16 
13 

4 
29 
20 

1902 

32,942 

19,029 

11,996 

11,057 

12,380 

11,699 

11,971 

12,844 

12,277 

12,454 

12,357 

11,188 

10,253 

11,834 

11,580 

10,879 

7,381 

5,422 

10,574 

8,134 

5,628 

3,789 

4,869 

5,763 

2,305 

728 

341 

1,099 

738 

1,162 

1,672 

1,017 

1,444 

1,346 

439 

340 

1,554 

142 

713 

513 

270 

2,248 

606 

535 

651 

885 

175 

121 

61 

31 

89 

63 

97 

130 

83 

116 

109 

39 

33 

131 

12 

66 

70 

50 

213 

75 

95 

172 

182 

4,826 
4,789 
4,610 
4,732 
4,759 
4,679 
5,085 
5,369 
5,093 
5,266 
5,407 
5,096 
5,020 
5,505 
5,579 
5,509 
5,982 
8,391 
7,295 
6,998 
6,549 
7,050 
7,072 

710 

145 

46 

31 

74 

62 

56 

66 

92 

81 

125 

65 

28 

92 

62 

230 

174 

97 

119 

88 

25 

206 

143 

1903 

1904     - 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912..     . 

1913 

1914..   

1915 

1916 

1917 _\- 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

Total- .  -     - 

262,537 
1,141.5 

26,511 
1,153 

101 
101 

130.661 
5,681 

2,817 
122.5 

22 

22 

Average    per    an- 
num for  23  years. 

a  Figures  from  Annual  Reports  of  the  Surgeon  General,  United  States   Army. 

The  second  factor  to  be  borne  in  mind  concerns  diagnosis. 
The  clinical  manifestations  of  dengue  are  so  variable,  and  in 
any  epidemic  there  are  likely  to  be  so  many  mild  cases,  with 
rash  evanescent  or  absent,  that  diagnosis  becomes  largely  a  mat- 
ter of  opinion.  The  result  is  that  some  medical  officers  report 
as  dengue  a  much  smaller  proportion  of  their  mild  fever  cases 
than  do  certain  others,  who  are  not  quite  so  conservative.  Anal- 
ysis of  the  symptomatology  exhibited  by  forty-one  cases  of 
dengue  experimentally  produced  by  us  from  a  single  strain  of 
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virus  suggests  that  appreciable  numbers  of  soldiers  suffer  attacks 
of  so  mild  a  nature  that  they  never  report  themselves  as  sick. 
We  therefore  venture  the  opinion  that  if  malaria  and  infections 
of  the  respiratory  tract  be  excluded,  most  of  the  undetermined 
fevers  of  short  duration  (three  to  six  days)  encountered  in 
American  troops  in  the  Philippines,  especially  in  Manila  and 
its  immediate  environs,  are  in  reality  dengue.  It  seems  entirely 
probable,  therefore,  that  the  figures  given  in  Table  12  and  plotted 
in  figs.  5  and  6  are  a  decided  understatement  of  the  incidence  of 
this  disease.  They  do,  however,  represent  with  some  accuracy 
the  number  of  cases  of  sufiicient  severity  to  cause  loss  of  time 
from  military  duties.  A  series  of  twenty-five  consecutive  cases 
admitted  to  Sternberg  General  Hospital  during  the  fall  of  1924 
showed  an  average  stay  in  hospital  of  six  and  seven-tenths  days. 
At  this  rate  the  average  number  of  days  lost  per  year  for  the 
last  twenty-three  years  is  7,715,  without  taking  into  account 
the  lack  of  efficiency  for  a  variable  period  after  return  to  duty. 
This  figure  represents  the  time  lost  per  year  from  duties  and 
training  by  American  troops  only.  Considering  the  small  num- 
ber of  troops  in  the  Islands,  it  is  seen  that  dengue  is  the  cause 
of  a  serious  economic  loss  to  the  Government,  and  any  measures 
that  might  materially  lessen  its  incidence  are  well  worth  taking. 
As  further  evidence  of  the  relative  importance  of  dengue  as 
a  cause  of  disability  among  American  troops  the  data  presented 
in  fig.  7  have  been  worked  out.  This  chart  shows  the  rates 
per  thousand  per  annum  for  the  three  leading  causes  of  admis- 
sion to  sick  report  for  the  years  1904  to  1924,  inclusive,  among 
American  troops  only.  The  figures  were  obtained  from  the 
Annual  Reports  of  the  Surgeon  General.  The  three  conditions 
leading  to  the  highest  morbidity  rates  during  this  period  were 
found  to  be  venereal  diseases,  malaria,  and  dengue.  Venereal 
diseases  during  the  entire  period  maintained  first  place  in  this 
list,  except  in  the  years  1920  and  1924,  when  the  dengue  rate 
rose  above  that  for  venereal  diseases.  The  general  trend  of 
incidence  of  venereal  diseases  has  been  decidedly  downward. 
This  downward  trend  has  been  still  more  marked  in  the  case 
of  the  malarial  fevers,  and  of  late  years  new  cases  of  malaria 
practically  do  not  occur  except  at  one  station.  Camp  Stotsen- 
burg,  where  conditions  are  especially  difficult  to  control.  It  is 
to  be  understood  that  these  remarks  apply  to  American  troops 
only.  During  the  earlier  part  of  the  occupation  period  dengue 
was  distinctly  secondary  to  malaria  as  a  cause  of  sickness ;  but 
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Fig.  7.     Chart  showing  morbidity  rates  for  dengue,  venereal  diseases,  and  malaria;  American 
troops  in  the  Philippine  Islands,  1904  to  1924.     Rates  per  1,000  per  annum. 

of  late  years,  with  the  gradual  abandonment  of  many  stations 
in  the  provinces  and  the  concentration  of  a  relatively  larger 
proportion  of  the  troops  in  Manila  and  its  immediate  environs, 
the  relative  position  of  the  two  has  been  reversed  and  the  rates 
for  dengue  have  markedly  increased.  While  great  variation  in 
prevalence  is  noted  from  year  to  year,  inspection  of  fig.  6  serves 
to  convince  one  that  dengue  is  increasing  rather  than  dimin- 
ishing among  the  military  personnel.  The  low  rates  in  1913, 
1914,  and  1916  are  striking.  Table  13,  giving  the  total  numbers 
of  troops  in  the  Philippine  Islands  and  the  numbers  stationed 
in  Manila  for  the  years  1904  to  1924,  is  interesting  in  this 
connection. 

In  1916,  but  960  American  soldiers  were  in  Manila;  in  1919, 
but  695.  Then,  in  1920,  the  number  was  increased  to  2,956 — 
more  than  four  times  as  many.  The  arrival  of  so  many  sus- 
ceptible persons  within  so  short  a  time  could  easily  be  respon- 
sible for  the  high  rate  in  1920. 

The  charts  show  strikingly  the  lesser  degree  of  susceptibil- 
ity of  the  Filipino  soldier  to  this  disease.    During  the  years 
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1902  to  1924,  inclusive,  dengue  attacked  American  troops  with 
five  times  greater  frequency  than  it  did  Filipino  troops.  We 
believe  that  the  very  low  rates  in  Filipino  organizations  are  the 
result  of  an  acquired  immunity  or  tolerance  to  the  disease.  The 
reasons  for  holding  this  view,  as  regards  both  the  native  soldier 
and  the  acclimatized  white  civilian,  are  stated  in  detail  in  the 
discussion  of  immunity  to  dengue. 

Table  13. — Total  American  troops  in  the  Philippine  Islands,  showing  number 
and  percentage  of  troops  in  Manila,  190j^  to  192U, 


Year. 

American 
troops  in 
the  Philip- 
pine Is- 
lands. 

American 
troops  in 
Manila. 

Percentage 
of  Amer- 
ican troops 
in  the  Phil- 
ippine Is- 
lands who 
were  sta- 
tioned in 
Manila. 

1904                                        _ -      

13,881 

13,301 

14,156 

12,810 

13,134 

14,047 

13,461 

13,346 

14,226 

13,381 

12.552 

13,849 

13,486 

12,344 

8,351 

6,218 

12,480 

9,800 

7,007 

4,574 

4,829 

2,936 
1,721 

990 

96^ 
1,018 
1,270 
1,236 

858 
1,453 
1,307 
1,064 
1,263 

960 
1,565 
1,218 

695 
2,956 
2,548 
1,842 
1,664 
1,687 

21.1 

12.9 

7.0 

7.6 

7.8 

9.0 

9.2 

6.4 

10.2 

9.8 

8.5 

9.1 

7.2 

12.7 

14.5 

11.2 

23.6 

26.0 

26.3 

36.4 

34.9 

1905                                            - ______    -- 

1906                                                            _____   __ 

1907       .                                                    - 

1908 

1909                                                    -                 -   .   

1910 

1911 

1912                       -                   -       --       ---   -     --     ___ 

1913 

1914         .-         -                             _     _     --_ 

1915 

1916                                                  -       -       _   _       _   _   _   _   

1917 

1918 

1919  _____                   - 

1920                                                                                  

1921               -           -__   >   -   

1922 -__   

1923               .   _   _  _                       _           

1924       _   _-- -   

DENGUE  AT   MILITARY   STATIONS   IN   THE   PHILIPPINES 

The  United  States  military  forces,  American  and  Filipino,  in 
the  Philippines  are  concentrated  at  seven  stations. 

The  Post  of  Manila  is  situated  in  Manila  itself,  and  its 
principal  garrison  is  a  regiment  of  American  Infantry,  Thirty- 
first  United  States  Infantry  (average  strength,  1922,  1,094; 
1923,  1,090;  1924,  1,101).  The  Sternberg  General  Hospital, 
United  States  Army,  also  is  an  integral  part  of  this  station 
(average  strength,  1922,  144;  1923,  147;  1924,  171). 
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Fort  William  McKinley,  one  of  the  largest  stations,  is  located 
14  kilometers  southeast  of  Manila  (average  strength,  American 
troops,  1922,  247;  1923,  551;  1924,  851). 

Fort  Mills,  another  large  station,  is  situated  on  Corregidor 
Island,  in  Manila  Bay,  48  kilometers  from  Manila  (average 
strength,  American  troops,  1922,  2,352;  1923,  1,057;  1924, 
1,363). 

Camp  Stotsenburg,  the  remaining  of  the  larger  stations,  is 
situated  on  Luzon  Island,  91.2  kilometers  north  of  Manila  (av- 
erage strength,  American  troops,  1922,  728;  1923,  238;  1924, 
212). 

Camp  Nichols,  a  small  station,  is  located  on  the  outskirts  of 
the  city  of  Manila  (average  strength,  American  troops,  1922, 
296;  1923,  398;  1924,  447). 

Camp  John  Hay,  which  is  located  in  the  mountains  of  north- 
ern Luzon,  has  a  small  garrison;  and  Pettit  Barracks,  situated 
at  Zamboanga,  Mindanao,  also  is  a  small  station,  garrisoned  by 
Filipino  troops. 

Our  inquiry  into  the  dengue  situation  at  military  stations  was 
limited  to  its  occurrence  during  the  years  1922,  1923,  and  1924, 
at  five  stations — Post  of  Manila  (Thirty-first  Infantry  and 
Sternberg  General  Hospital),  Fort  William  McKinley,  Fort 
Mills,  Camp  Stotsenburg,  and  Camp  Nichols — as  for  these 
stations  only,  during  these  years,  were  satisfactory  statistics 
available. 

The  situation  at  Camp  John  Hay,  in  the  Mountain  Province, 
may  be  dismissed  with  the  statement  that  dengue  does  not  occur 
there.  The  camp  is  located  in  the  mountains  at  approximately 
1,500  meters  elevation,  and  the  natural  environment  is  unfavor- 
able to  the  propagation  of  Aedes  aegypti.  Army  regulations 
(Medical  Department)  have  provided  for  many  years  that  col- 
lections of  mosquitoes  be  sent  to  the  Army  Medical  Museum, 
Washington,  D.  C,  at  monthly  intervals,  from  all  army  stations. 
We  have  been  unable  to  find  any  record  of  Aedes  aegypti  ever 
having  been  present  in  any  of  the  collections  sent  from  Camp 
John  Hay  to  the  Army  Medical  Museum. 

Dengue  has  been  reported  from  Pettit  Barracks,  but  the  gar- 
rison consists  of  native  troops  and  the  number  of  cases  reported 
is  so  small  that  it  may  de  dismissed  from  consideration. 

The  annual  dengue  morbidity  rates  for  American  troops  for 
the  five  stations  referred  to  are  presented  in  fig.  8. 

It  is  evident  from  fig.  8  that  high  morbidity  rates  from 
dengue  are  common  in  units  serving  in  Manila    (Thirty-first 
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Fig.  8.     Chart  showing  dengue  rates  at  military  stations  in  the  Philippine  Islands,   1922  to 
1924.     American  troops  only.     Rates  per  1,000  per  annum. 

United  States  Infantry  and  Medical  Department,  Sternberg  Gen- 
eral Hospital),  and  that  these  rates  have  remained  consist- 
ently high  for  the  three  years  1922  to  1924.  On  the  contrary, 
the  rates  at  the  three  stations  in  the  provinces,  and  even  at 
Camp  Nichols  on  the  outskirts  of  Manila,  have  been  low,  though 
there  have  been  progressive  and  somewhat  marked  increases 
at  Fort  William  McKinley  and  Fort  Mills. 

The  dengue  situation  at  these  stations  is  best  visualized  by 
referring  to  Tables  14  to  19,  inclusive,  and  to  fig.  9. 

At  Fort  William  McKinley  and  Fort  Mills  a  few  cases  of 
dengue  occur  throughout  each  dengue  season,  most  of  which 
doubtless  are  acquired  during  visits  to  Manila,  and  occasional 
small  explosive  outbreaks  occur  which  usually  are  confined  to 
one  or  two  organizations.  When  such  localized  outbreaks  do 
occur  inspections  demonstrate  that  the  organization  has  become 
lax  in  the  application  of  mosquito-control  measures. 

Camp  Stotsenburg  has  been  singularly  free  from  dengue  dur- 
ing the  past  three  years,  only  three  small  outbreaks  having 
occurred  (two  in  1923 — July,  August,  and  September — and  one 
in  1924 — September  and  October).  This  doubtless  is  due  to  a 
combination  of  two  factors;  namely,  greater  attention  to  mos- 
quito control  because  of  the  location  of  the  camp,  in  an  area  of 
malaria  endemicity,  and  its  great  distance  from  Manila,  which 
precludes  constant  exposure  of  its  personnel  to  dengue  through 
frequent  visits  to  the  City  of  Manila. 
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Table  14. — Admissions  for  dengue  fever,  1922,  1923,  and  192^,  Thirty-first 
Infantry  (American  troops). 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September.. 

October 

November. . 
December  _ . 


Total  - 
Average 


January 

February 

March 

April 

May 

June 

July 

August 

September.  _ 

October 

November 

December  — 

Total. 
Average 


January 

February 

March 

April 

May 

June 

July... 

August 

September..  _ 

October 

November 

December 

Total - 
Average 


Year  and  month. 


1922 


1923 


1924 


Strength. 


1,033 


,021 
,199 
,203 
,179 
,133 
,093 
,084 
,036 
,077 
,071 


Dengue 


absolute 
numbers. 


,125 
,0.94 

,076 
,074 
118 
096 
070 
108 
025 
995 
142 
153 
130 
097 


084 
090 


106 
090 
036 
027 
012 
159 
147 
150 
146 
132 
113 
088 


206 
101 


12 

9 

6 

0 

6 

16 

12 

19 

97 

136 

28 

26 


Rate  per 
1,000  per 
annum. 


39 

108 

71 

0 

60 

163 

127 

20;« 

1,074 

1,575 

312 

291 


367 


390 


5 
1 
17 
52 
52 
47 
47 
22 
40 
41 
12 
2 


338 


336 


201 
212 
257 
558 
785 
671 
679 
494 
137 
146 
106 
109 


358 


54 
11 
197 
608 
617 
531 
492 
230 
419 
435 
129 
22 


307 
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Table  15. — Admissions  for  dengue  fever,  1922,  1923,  and  192 Jf,  Sternberg 
General  Hospital  {American  troops). 


Year  and  month. 

1 
Strength. 

139 
131 
130 
148 
135 
158 
159 
160 
158 
133 
144 
136 

Dengue 

cases, 

absolute 

numbers. 

Rate  per 
1,000  per 
annum. 

259 

92 

277 

0 

0 

75 

0 

450 

304 

361 

1,0,00 

176 

1922 

January ___ 

3 

1 
3 
0 
0 
1 
0 
6 
4 
4 
12 
2 

February 

March 

April 

May. 

June 

July 

August _       _       _ 

September _. 

October _ 

November ._ ._       _,     

December 

Total 

1,731 
144 

36 

250 

Average 

1923 
January. .        _ 

118 
115 
141 
152 
141 
193 
132 
132 
159 
166 
162 
157 

2 
3 

4 

4 

11 

13 

12 

9 

4 

1 

4 

4 

203 
313 
340 
316 
936 
808 
1,091 
818 
302 
72 
296 
242 

February _       _.. 

March _ 

April _ 

May- __.     

June 

July 

Augrust 

September __   

October 

November _ 

December ___         __ 

Total 

1,768 
147 

71 

483 

Average 

1924 
January _   . 

164 
157 
152 
132 
133 
158 
175 
174 
201 
200 
200 
194 

2 

0 

1 

3 

5 

8 

15 

10 

25 

13 

4 

«5 

146 

0 

79 

February 

March.     ._.   .    .         .     __ 

April 

273     1 

May 

451      i 

June __     _         ..   _         .._     

604      1 

July 

1.030     j 

August. ._ 

690     ! 

September..    .. _   _     __       ..   __     _ 

1.493     ; 

October     _.   _   .   _   

780     ' 

November. 

233 

December . _   .   _   _   _        

30-9 

Total 

2,047 
171 

91 

Average  _ 

532 

"  Includes  three   cases  of  experimental   denpue. 
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Table  16. — Admissions  for  dengue  fever,  1922,  1923,  and  192^,  Fort 
William  McKivIey. 


Year  and  month. 


1922 

January 

February 

March 

April . 

May 

June 

July 

August 

September 

October 

November 

December 


Total 

Average 

1923 

January 

February 

March 

April 

May 

June 

July . 

August 

September 

October 

November 

December 


Total 

Average. 

1921 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total-  -  _ 
Average 


American  troops. 


Strength. 


455 
369 
362 
353 
332 
230 
241 
198 
120 


,960 

247 

91 
364 
399 
418 
265 
317 
732 
756 
916 
872 
782 
697 


Dengue 


absolute 
numbers. 


Rate  per 
1 , 000  per 
annum. 


,609  I 
551  - 


764 
847 
611 
785 
698 
778 
879 
879 
875 
861 


,210 
851 


30 


79 
33 

0 
34 
0 
0 
0 
0 
0 
0 
0 
0 


Filipino  troops. 


0 
66 

0 

86 

227 

0 
33 
32 
26 
55 
153 

0 


16 

0 

0 

0 

39 

15 

34 

77 

178 

184 

120 

14 


Strength. 

Dengue 

cases, 

absolute 

numbers. 

Rate  per 
1 ,  000  pel 
annum. 

3,878 

0 

0 

3,718 

4 

13 

3,742 

0 

0 

3,748 

0 

0 

3,783 

0 

0 

3,578 

1 

3 

3,407 

0 

0 

3,147 

0 

0 

2,596 

2 

9 

2,767 

1 

4 

2,768 

1 

4 

2,772 

0 

• 

0 

2,774 
2,638 
2,689 
2,771 
2,807 
2,971 
3,063 
3.058 
3,108 
3,189 
2,118 
2,363 


3,017 
4,631 
3,456 
3,540 
3,462 
3,721 
3,754 
3,866 
3,531 
3,617 
2,612 
2,480 


4 

0 

0 

0 

0 

0 

132 

78 

23 

15 

23 

10 


11 

4 

0 

0 

0 

4 

4 

4 

45 

59 

148 

14 
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Table  17. — Admissions  for  dengue  fever,  1922,  1923 ,  and  1921^,  Fort  Mills, 


Year  and  month. 


1922 

January—. 

February 

March .  -. 

April 

May - 

June 

July 

August 

September 

October 

November 

December 

.Total 

Average 

1923 

January 

February 

March - 

April 

May 

June 

July 

August 

September 

October 

Novembei 

December 

Total 

Average 

1924 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Average 


American  troops. 


Strength. 


,491 
,020 
,914 
,708 
,667 
,527 
,388 
292 
,901 
534 
429 
350 


28, 
2, 


221 
352 


273 
167 
144 
023 
007 
080 
787 
846 
843 
176 
163 
170 


Dengue 
cases,  abso- 
lute num- 
bers. 


,679 
,057 

,270 
,258 
,225 
,220 
,202 
,290 
,281 
,478 
,519 
,505 
,554 
,552 


354 
363 


32 


Rate  per 
1,000  per 
annum. 


13 


2 
3 

0 
5 
17 
36 
34 
12 
27 
28 
17 
2 


0 

0 

0 

0 

48 

120 

121 

113 

14 

81 

73 

62 


48 


19 

29 
0 

49 
170 
335 
319 

97 
213 
223 
131 

15 


134 


Filipino  troops. 


I    Dengue 
strength.  [--.^aW. 
i       bers. 


606 

844 


607 
632 
635 
1,018 
1,264 
1,435 
1 ,  534 


Rate  per 
1,000  per 
annum. 


1,602 
1,659 
1,673 
1,674 
1,682 
1,691 
1,602 
1,586 
1,628 
1,632 
1,631 
1,233 


0 
0 
0 
0 
0 
8 
25 
5 
0 
4 
3 
0 


1,634 
1,638 
1,646 
1,646 
1,644 
1,642 
1,645 
1,641 
1,859 
1,861 
1,858 
1,855 


62 


0 
0 

15 
0 

30 
0 

19 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 

57 
187 

38 
0 

29 

22 
0 


0 
15 
22 

36 
29 
73 
22 
77 
132 
39 
0 
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Table  18.~Admissions  for  dengue  fever,  1922,  1923,  and  19ZUy  Cainp 

Stotsenburg. 


Year  and  month. 


192  2 


January 

February  _ . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November,. 
December. . 


American  troops. 


Strength. 


Dengue 
cases,  abso> 
lute  num- 
bers. 


Total. 
Average 


1923 

January. 

February 

March 

April 

May _ 

June 

July 

August 

September .. 

October 

November .  , 

December. 

Total 

Average. ._ 

1924 

January 

February 

March 

April 

May 

June 

July 

Augast 

September 

October 

November 

December 

Total 

Average 


940 
868 
93;: 
876 
789 
802 
778 
827 
839 
510 
297 
278 


8,736 
728 


244 
254 
313 
343 
340 
214 
201 
188 
192 
196 
167 
207 


Rate  per 
1,000  per 
annum. 


2,859 
238 


0 
0 
0 
0 
0 

15 
0 
0 
0 

23 
0 
0 


Filipino  troops. 


Strength. 


1,665 
1,709 
1,762 
1,749 
1,789 
1,703 
1,562 
1,427 
1,371 
1,450 
1,428 
1,524 


Dengue 
cases,  abso- 
lute num- 
bers. 


0 

0 

0 

0 

0 

56 

240 

0 

500 

430 

0 

0 


173 
188 
186 
186 
188 
182 
185 
174 
189 
206 
340 
345 


2,542 
212 


0 
0 
0 
0 
0 
0 
0 
0 
254 
175 
0 
0 


1,319 
1,466 
1,671 
1,706 
1,942 
1,874 
1,819 
1,912 
1,885 
1,811 
1,850 
1,839 


1,859 
1,592 
1,917 
1,947 
1,944 
1,924 
1,946 
1,942 
1,944 
1,939 
1,940 
1,935 


Rate  per 
1,000  per 
annum. 


36 


0 

0 

0 

0 

0 

0 

0 

0 

3 

19 

1 

6 

6 

40 

3 

81 

7 

45 

2 

13 

1 

7 

3 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

12 

2 

12 

0 

0 

0 

0 

0 

0 

144 


The  Philippine  Journal  of  Science 


1926 


Table  19. — Admissions  for  dengue  fever,  1922,  1923,  and  192 Jf,  Camp 
Nichols   {American  troops). 


January.  _ 
February- 
March 

April 

May. 

June. 


July 

August 

September.. . 

October 

November 

December 

Total . 
Average 


January.  _ 
February. 

March 

April 

May 


June 

July 

August 

September.. 

October 

November. . 
December . . 


Total  _ 
Average 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December  — 

Total  - 
Average 


Year  and  month. 


1922 


Strength. 


186 
164 
231 
240 
241 
264 
271 
282 
436 
407 
418 
414 

3,554 
296 


1928 


412 
412 
416 
421 
405 
396 
392 
392 
362 
392 
390 
390 


1924 


4,780 
398 


464 

418 

410 

441 

422 

433 

423 

405 

500 

496 

468  ! 

479  ! 


Dengue 
cases,  abso- 
lute num< 
bers. 


Rate  per 
1,000  per 
annum. 


5,359  I 

447  . 


194 
220 

52 
150 
0 
136 
0 
128 
138 

59 
201 

29 


105 


87 

58 

0 

29 

178 

364 

490 

306 

33 

153 

62 

92 


153 


52 
0 
0 
163 
199 
166 
227 

89 
192 

97 
103 
100 
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The  morbidity  curve  (fig.  9)  for  American  troops  stationed 
in  Manila  (Thirty-first  United  States  Infantry  and  Sternberg 
General  Hospital)  shows  a  very  different  picture.  The  rates  in 
those  organizations  are  extremely  high,  particularly  in  the  Med- 
ical Department  Detachment  on  duty  at  Sternberg  General 
Hospital.  The  relatively  higher  rates  at  Sternberg  General 
Hospital,  in  our  opinion,  are  due  principally  to"  two  factors; 
namely,  the  fact  that  all  cases  of  dengue  among  the  army  per- 
sonnel in  Manila  are  admitted  to  this  hospital,  thus  creating  a 
highly  concentrated  reservoir  for  the  transfer  of  the  virus  to 
Aedes  mosquitoes,  and  the  fact  that  during  the  past  no  effective 
measures  have  been  instituted  for  preventing  access  of  the 
Aedes  to  patients  with  dengue — patients  with  dengue  in  its  early 
stages  (first  three  days)  were  not  required  to  remain  under  mos- 
quito nets,  there  were  innumerable  defects  in  the  window  and 
door  screens  of  the  dengue  ward,  no  screened  vestibules  were 
provided,  and  the  ward  toilet  was  inadequately  screened.  These 
defects  have  been  remedied  by  the  conversion  of  the  experimental 
ward  used  by  this  board  in  its  transmission  experiments  into  a 
receiving  ward  for  undetermined  fevers,  and  it  is  the  intention 
of  the  commanding  officer  to  hold  all  patients  with  dengue  in 
this  ward  for  a  period  of  three  days  or  more  subsequent  to  the 
onset  of  symptoms. 

At  Camp  Nichols,  on  the  outskirts  of  Manila,  the  rates  are 
somewhat  low,  doubtless  due  to  more-efficient  application  of 
mosquito-control  measures  than  is  possible  in  Manila. 

No  general  morbidity  rates  for  dengue  in  the  civil  population 
of  the  Philippines  are  available,  but  this  study  of  its  prevalence 
in  military  commands  suggests  that  it  occurs  and  ordinarily  is 
confined  very  largely  to  Manila  and  possibly  to  other  large  cities 
in  the  Islands. 

In  Manila  many  of  the  buildings  are  of  a  permanent  type  of 
construction  with  the  inevitable  roof  gutter  that  becomes  clogged 
or  has  depressions  here  and  there  that  will  hold  collections  of 
rain  water.  The  roof  gutters,  together  with  collections  of  tin 
cans,  broken  bottles,  etc.,  on  the  premises,  and  standing  water 
in  containers  inside  houses  result  in  the  breeding  of  immense 
numbers  of  Aedes  aegypti  mosquitoes.  Given  a  large  Aedes 
population,  only  two  other  factors  are  necessary  to  bring  about 
epidemics  of  dengue ;  namely,  cases  of  dengue  and  a  large  num- 
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ber  of  nonimmunes.  The  cases  of  dengue  are  ever  present  and, 
as  Manila  is  a  large  seaport  city,  nonimmunes  are  constantly 
arriving  in  large  numbers. 

In  the  provinces,  however,  conditions  are  somewhat  different. 
The  great  majority  of  the  buildings  are  constructed  of  nipa  or 
bamboo  with  thatched  roofs  and  without  roof  gutters,  the  popu- 
lation is  more  stable,  there  are  comparatively  few  nonimmunes 
(Americans  and  Europeans),  and  it  is  probable  that  Aedes 
aegypti  is  constantly  present  in  considerably  smaller  numbers 
than  is  the  case  in  Manila. 

That  epidemics  of  dengue  will  and  do  occur  at  outlying  mili- 
tary stations  in  the  Philippines  if  there  is  the  slightest  relaxation 
in  the  control  of  Aedes  breeding  has  been  demonstrated  a  num- 
ber of  times.  One  of  the  most  important  of  such  outbreaks  was 
that  occurring  at  Fort  William  McKinley  in  1906,  and  reported 
by  Ashburn  and  Craig  (1907). 

Figure  9  shows  also  that  during  the  past  three  years  small 
outbreaks  of  dengue  have  occurred  at  each  of  the  outlying  sta- 
tions. However,  the  point  of  special  interest  to  be  brought  out 
from  the  comparison  of  differing  monthly  incidence  in  the  same 
years  at  different  stations  lies  in  its  indication  that  strictly  local 
conditions  are  vitally  important  in  the  transmission  of  dengue. 
This  follows  from  the  relative  domesticity  of  the  vector  which 
probably  seldom  leaves  the  immediate  neighborhood  of  its  emer- 
gence from  the  pupal  stage,  but  promptly  seeks  some  house  as 
a  shelter  and  remains  there  in  most  cases  throughout  life.  Or- 
dinary observation  in  Manila  shows  that  dengue  is  a  neighbor- 
hood disease.  One  year  one  group  of  houses  will  be  attacked, 
but  may  remain  entirely  or  relatively  free  the  next  year,  even 
with  a  change  of  occupants.  These  facts  show  that  a  high  den- 
gue rate  is  chargeable  to  lack  of  precautions  in  the  immediate 
neighborhood  and  point  very  definitely  to  the  localization  of 
responsibility.  At  the  same  time,  from  the  standpoint  of  the 
action  of  civil  health  agencies,  they  indicate  great  difficulty 
in  effective  control  work,  as  the  latter  obviously  requires  the 
cooperation  of  the  individual  householder,  a  notoriously  difficult 
thing  to  secure  even  when  the  disease  being  combatted  is  a  fatal 
one,  and  doubly  difficult  in  dengue. 

SEASONAL  OCCURRENCE  OF  DENGUE  IN  THE  PHILIPPINES 

There  is  a  definite  dengue  season  in  Manila  and  the  lowlands 
of  Luzon,  despite  the  facts  that  the  atmospheric  temperature  is 
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high  throughout  the  year,  only  rarely  dropping  below  70^  F. 
(21.1°  C.)  and  never  below  68°  F.  (see  fig.  11)  ;  that  Aedes 
mosquitoes  are  more  or  less  active  throughout  the  year;  that 
sporadic  cases  of  dengue  occur  throughout  the  year;  and  that 
large  numbers  of  nonimmunes  are  added  to  the  population  with- 
out interruption. 

Morbidity  statistics  showing  its  occurrence  at  military  stations 
by  months  for  the  years  1922,  1923,  and  1924  are  incorporated 
in  Table  20  and  plotted  graphically  in  fig.  10. 


Fig.  10.  Chart  showing:  dengue  cases,  admission  to  sick  report,  American  and  Filipino 
troops  serving  in  the  Philippine  Islands,  1922  to  1924.  Rate  per  1,000.  Total  monthly 
rainfall. 

Inspection  of  the  three-year  monthly  morbidity  curve  in  fig. 
10  shows  that,  generally  speaking,  the  dengue  season  in  Manila 
extends  from  April  to  November,  though  there  is  considerable 
variation  in  the  curve  from  year  to  year  within  these  limits. 

In  1922  the  dengue  season  was  somewhat  delayed.  Note- 
worthy increases  in  morbidity  did  not  occur  until  June,  and  the 
peak  of  the  epidemic  was  not  reached  until  October. 

In  1923  and  1924  the  season  began  in  April  and  ended  in 
November,  the  peak  having  been  reached  in  1923  during  the 
month  of  July  and  in  1924  in  October. 

As  dengue  is  endemic  in  Manila  and  new  increments  of  non- 
immunes are  constantly  being  added  to  the  population  of  that 
city,  it  was  of  interest  to  make  some  inquiry  into  the  factor  or 
factors  that  might  have  brought  about  the  delay  in  its  seasonal 
occurrence  in  1922. 
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The  most  reasonable  ex- 
planation was  that  natural 
environmental      conditions 
during    the    early    months 
^       (February  to  May,  inclus- 
S      ive)  of  1922  were  adverse 
°      for   Aedes   breeding,   with 
I      consequent  marked  reduc- 
^      tion  in  their  numbers. 
I  The  weather  reports  for 

I      1922  to  1924  were  obtained 

1  from   the    director   of  the 

2  Philippine  ^ Weather  Bureau 
§  and  the  distribution  of  the 
I  rainfall  for  the  three  years 
I  was  plotted.  The  results 
I  are  incorporated  in  fig.  11, 
f  which  shows  graphically 
<  the  total  monthly  rainfall 
«  and  the  maximum  and  the 
I  minimum  atmospheric  tem- 
«H  peratures  in  Manila,  by 
^  months,  for  1922,  1923,  and 
l      1924. 

^  Durmg  each  of  the  three 

•^  years  marked  increases  in 
I  total  monthly  rainfall  he- 
g  gan  in  May,  and  this  might 
I      be  interpreted  as  suggest- 

0  ing  that  the  conditions  for 

1  mosquito  breeding  were 
g  similar  for  the  three  years 
i  and  that,  therefore,  some 
"  explanation  other  than 
I      rainfall  must  be  sought  for 

the    delay    in    the    dengue 
^^      season  during  1922. 
fe  We  were  confident  that, 

to  some  degree,  it  was  due 
to  an  enormous  reduction 
in  the  Aedes  population  oc- 
casioned   by    the    absence 
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Table  20, —Admissions  for  dengue,  1922,  1923,  and  192A,  from  Thirty-first 
Infantry,  Sternberg  Geiieral  Hospital,  Fort  William  McKinley,  Fort 
Mills,  Camp  Stotsenburg,  and  Camp  Nichols. 


Month  and  year. 


January,  1922  _  _ 
January,  1923 . _ 
January,  1924 _. 
February,  1922 _. 
February,  1923  _ . 
February,  1924.. 

March,  1922 

March,  1923 

March,  1924 

April,  1922 

April,  1923 

April,  1924 

May,  1922 

May,  1923 

May,  1924 

June,  1922 

June,  1923 

June,  1924 

July,  1922 

July,  1923 

July,  1924 

August,  1922 

August,  1923 

August,  1924 

September,  1922, 
September,  1 923  _ 
September,  1924. 

October,  1922 

October,  1923 

October,  1924.._. 
November,  1922_ 
November,  1923. 
November,  1924. 
December,  1922._ 
December,  1923._ 
December,  1924.. 


American  troops. 


Strength. 


6,244 
3,214 
3,922 
5,548 
3,386 
4,599 
5,590 
3,531 
3,773 
5,529 
3,453 
3,853 
5,367 
3,228 
3,568 
5,160 
3,308 
4,008 
4,970 
3,269 
3,909 
4,852 
3,309 
4,159 
4,538 
3,614 
4,434 
3.713 
3,955 
4,418 
3,469 
3,794 
4,556 
3,347 
3,718 
4,519 


Cases, 
absolute 
numbers. 


25 

23 

12 

16 

26 

4 

13 

28 

18 

10 

59 

66 

10 

96 

83 

25 

98 

98 

13 

100 

106 

31 

70 

52 

3  08 

29 

117 

145 

39 

148 

48 

33 

46 

29 

23 

14 


Filipino  troops. 


Cases,  rate 
per  1,000. 


48 

86 

37 

35 

92 

10 

28 

95 

57 

22 

205 

206 

22 

357 

279 

58 

355 

294 

31 

367 

325 

76 

254 

150 

286 

96 

317 

468 

119 

401 

167 

104 

121 

104 

74 

37 


Strength. 


6,149 

5,695 

6,510 

6,271 

5,763 

7,861 

6,290 

6,033 

7,019 

6,280 

6,151 

7,133 

6,378 

6,431 

7,050 

5,888 

6,536 

7,287 

5,601 

6,484 

7,345 

5,209 

6,556 

7,449 

4,985 

6,621 

7,334 

5,481 

6,632 

7,417 

5,631 

5,599 

6,410 

5,830 

5,435 

6,270 


Cases, 
absolute 
numbers. 


Cases,  rate 
per  1,000. 


0 
2 
4 
8 
0 
21 
2 
0 
5 
0 
0 
2 
4 


3 

6 

5 

9 

1 

2 

9 

17 

5 

8 

1 

2 

65 

120 

11 

18 

0 

0 

38 

70 

6 

10 

2 

5 

13 

24 

24 

39 

1 

2 

10 

18 

29 

47 

1 

2 

8 

17 

39 

73 

0 

0 

5 

11 

3 

6 

of  abundant  suitable  breeding  places,  and  the  rainfall  statistics 
for  1922  to  1924  were  subjected  to  more-detailed  analysis,  the 
results  of  which  are  shown  graphically  in  figs.  12,  13,  and  14. 
These  charts  show  the  rainfall  for  each  day  throughout  the 
three  years  (1922  to  1924)  as  recorded  at  the  Weather  Bureau 
Station,  located  centrally  in  the  City  of  Manila.  The  argument 
might  be  advanced  that,  as  observations  are  taken  at  only  one 
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place,  the  figures  are  not  reliable,  as  heavy  showers  may  fall  in 
one  section  of  the  city  and  other  sections  may  have  no  rain 
whatsoever.  This  phenomenon  is  of  comon  occurrence  at  the 
beginning  of  the  season  of  rains  (June)  and  at  the  end  thereof 
(October  and  November),  but  it  occurs  only  infrequently  during 
the  dry  season  (March  and  April),  and  it  can  be  assumed  that 
these  records  reflect  fairly  accurately  the  precipitation  during 
March  and  April  in  the  City  of  Manila. 

Before  commenting  on  the  data  contained  in  figs.  12,  13,  and 
14,  it  is  essential  that  we  know  how  much  rain  must  fall  during 
any  one  day  to  permit  water  to  collect  in  clogged  roof  gutters, 
tin  cans,  bottles,  etc.,  in  such  quantities  that  even  with  rapid 
evaporation  suflScient  amounts  will  remain  for  from  ten  to  fif- 
teen days  to  assure  a  natural  environment  favorable  for  the 
breeding  of  Aedes. 

To  determine  this,  we  selected  breeding  containers  comparable 
with  those  observed  under  natural  conditions,  filled  them  with 
water  to  graduated  levels  (5,  10,  15,  20,  and  40  millimeters)  and 
exposed  them  to  varying  environmental  conditions-  (shade,  sun- 
light, inside  rooms,  in  the  open,  etc.).  The  observations  were 
made  in  the  early  part  of  April,  1925  (the  hot  dry  season  in 
Manila).     The  following  results  were  obtained: 

Water  in  open  Petri  dishes  at  a  level  of  5  millimeters  had 
evaporated  completely  in  three  days,  usually  in  two,  irrespective 
of  whether  exposed  to  direct  sunlight  or  in  the  shade.  Water 
in  open  Petri  dishes  at  a  level  of  10  millimeters  evaporated  com- 
pletely in  from  four  to  six  days  if  exposed  to  the  direct  rays  of 
the  sun  or  left  in  the  open  air.  If  exposed  in  rooms,  it  evap- 
orated completely  in  eight  days.  Water  in  glass  jars  with  an 
initial  level  of  15  millimeters  in  one  instance  had  dropped  to 
5  millimeters  in  five  days,  and  in  two  others  had  completely  evap- 
orated. Evaporation  was  complete  in  all  three  tests  on  or  be- 
fore the  eighth  day.  Evaporation  inside  rooms  was  complete  on 
or  before  the  eleventh  day. 

When  the  water  level  on  initial  exposure  was  20  millimeters 
there  was  either  a  reduction  to  2  millimeters  in  ten  days,  or 
complete  evaporation. 

These  experiments  suggest  that  if  the  rainfall  during  a  single 
day  in  the  dry  hot  season  is  from  15  to  20  millimeters  or  more, 
and  there  are  no  additional  rains  for  from  ten  to  fifteen  days, 
a  suflScient  amount  of  residual  water  vnll  remain  in  many  arti- 
ficial containers  to  permit  the  Aedes  aegypti  to  deposit  eggs  and 
these  eggs  to  pass  through  the  larval  and  pupal  stages  and 


154  ^^^^  Philippine  Journal  of  Science  1926 

emerge  as  adults.  If  additional  showers  (3  to  5  millimeters) 
occur  every  few  days,  breeding  conditions  are  more  favorable. 
If,  on  the  contrary,  the  precipitation  occurring  in  one  day 
throughout  the  dry  period  remains  at  a  low  level  (5  to  7  milli- 
meters) there  will  be  but  little  chance  for  A.  aegypti  to 
breed  out  in  artificial  containers,  roof  gutters  excepted,  even 
though  there  be  repetition  every  six  or  eight  days,  as  most  of  the 
collections  of  water  will  have  evaporated  (two  to  four  days) 
between  rains.  In  the  case  of  roof  gutters  that  have  marked 
depressions  or  that  are  completely  clogged  the  amount  of  water 
collected  may  be  large,  as  the  gutter  collects  the  water  from  a 
large  surface  area. 

The  statement  is  justified,  therefore,  that  during  the  dry 
season  in  Manila  (March  to  May,  inclusive) ,  if  a  few  heavy  rains 
occur  at  intervals  of  from  fifteen  to  twenty  days,  conditions  are 
favorable  for  the  multiplication  of  Aedes  aegypti,  and  their  pres- 
ence in  large  numbers  may  be  expected.  If,  on  the  contrary, 
the  rainfall  during  one  day  is  small  (3  to  6  millimeters),  even 
though  such. rains  recur  every  few  days  (five  to  seven  days) 
the  evaporation  of  water  is  so  rapid  that  the  Aedes  encounters 
great  difficulty  in  maintaining  itself,  and  it  may  be  expected  that 
comparatively  few  of  these  insects  will  be  observed. 

The  rainfall  in  Manila  from  June  to  September,  inclusive,  is 
uniformly  high,  and  environmental  conditions  for  the  breeding 
of  mosquitoes  in  general  are  ideal.  It  is  during  these  months, 
however,  that  typhoons  usually  and  most  frequently  occur,  the 
rainfall  is  heavy,  and  at  times  is  continuous  for  a  week  or  so. 
Typhoon  weather  is,  in  some  respects,  not  conducive  to  the  mul- 
tiplication of  mosquitoes,  as  the  eggs  and  larvse  are  carried  away 
by  the  heavy  washing  rains. 

It  was  noted  by  us  in  1924  that  there  was  temporarily  a 
marked  decrease  in  admissions  to  hospital  for  dengue  after  ty- 
phoon weather  that  extended  over  a  period  of  a  week  or  ten  days. 

Having  discussed  somewhat  in  detail  the  general  character- 
istics of  the  rainfall  in  Manila  at  various  seasons  of  the  year, 
its  seasonal  distribution,  and  its  bearing  on  the  mosquito  popu- 
lation at  various  seasons  of  the  year,  it  remains  to  determine 
whether  the  seasonal  distribution  of  the  rains  during  the  dry 
season  of  1922  differed  materially  from  that  of  1923  and  1924, 
and  whether  this  factor  of  itself  might  possibly  serve  to  account 
for  the  delay  in  the  appearance  of  dengue  in  epidemic  form  in 
1922  as  compared  with  the  two  subsequent  years. 
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In  1922  the  admissions  to  hospital  for  dengue  fever  did  not 
begin  to  show  a  seasonal  increase  until  the  month  of  June  (fig. 
10).  Inspection  of  fig.  12  indicates  that,  so  far  as  rainfall  is 
concerned,  conditions  for  Aedes  breeding  were  unfavorable  until 
about  the  middle  of  February  (February  17)  when  a  fairly  heavy 
rain  fell  (21  millimeters).  After  this  date,  rains  were  not  suf- 
ficiently heavy  until  April  28  (two  and  one-third  months)  to 
provide  numerous  breeding  places  for  Aedes,  The  dry  weather 
and  the  reduction  in  breeding  places  doubtless  brought  about  an 
enormous  reduction  in  the  Aedes  population,  and  it  is  probable 
that  not  until  the  latter  part  of  May — during  which  month  there 
w^ere  frequently  recurring  rains — had  breeding  so  increased  as 
to  produce  a  large  Aedes  population. 

In  1923  and  1924  the  admissions  to  hospital  for  dengue  in- 
creased very  markedly  during  April  (fig.  10),  two  months  in 
advance  of  the  1922  dengue  season. 

It  is  evident  from  figs.  13  and  14  that  the  distribution  of  the 
rainfall  during  the  early  months  of  1923  and  1924  diff'ered  ma- 
terially from  that  observed  during  the  corresponding  months  of 
1922.  In  January  and  February,  1923,  there  were  several  rainy 
days,  but  the  rainfall  was  too  meager  to  assure  the  provision 
of  breeding  places  of  Aedes.  In  the  early  days  of  March  there 
was  a  heavy  downpour  for  two  days  and  a  light  rain  on  the 
following  day.  These  heavy  rains  doubtless  left  in  their  wake 
numerous  ideal  breeding  places  for  Aedes.  After  two  weeks  of 
dry  weather  another  fairly  heavy  rain  fell  (17  millimeters)  and 
this  was  followed  in  twelve  days  (April  5)  by  a  third  day  of 
rain   (13  millimeters). 

The  three  rains  during  March  and  April,  1923,  were  each 
sufficiently  copious  and  occurred  at  sufficiently  short  intervals  to 
assure  large  progressive  increases  in  the  prevalence  of  Aedes; 
the  assumption  is  therefore  justified  that  the  distribution  of  the 
rainfall  during  the  dry  season  of  1923  can  be  correlated  with  the 
increase  in  morbidity  rates  for  dengue  during  April,  1923. 

During  January,  1924  (fig.  14),  the  rainfall  was  sufficient  in 
volume  and  occurred  at  such  intervals  as  to  provide  an  ideal 
environment  for  the  breeding  of  Aedes.  During  February  there 
were  only  two  rainy  days  (light  showers)  and  breeding  con- 
ditions were  unfavorable.  On  March  9,  8  millimeters  of  rain 
fell,  and  on  March  19,  6  millimeters.  These  two  rains,  sup- 
plemented by  showers  at  intervals  of  a  few  days,  doubtless 
provided  some  breeding  places  for  Aedes.     The  next  succeeding 
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rain  of  any  consequence  occurred  about  a  month  later.  Breeding 
conditions  during  the  dry  season  of  1924  were  not  so  favorable 
as  during  the  corresponding  months  of  1923,  but  were  more  so 
than  during  the  corresponding  period  of  1922. 

The  increment  of  nonimmune  military  personnel  arriving 
during  each  of  the  three  years  was  approximately  the  same. 

The  tentative  conclusions  drawn  from  this  inquiry,  which 
require  further  confirmation,  are  that  a  study  of  the  amount 
and  distribution  of  the  daily  rainfall  in  a  given  area  will  enable 
one  to  predict  increases  or  decreases  in  the  Aedes  popula- 
tion, and  that  these  factors  will  influence  the  dengue  morbidity 
rates. 

Public-health  authorities  are  coming  more  and  more  to  realize 
that  the  fuller  the  knowledge  of  the  life  habits  of  mosquitoes 
and  of  the  physical  conditions  under  which  they  multiply  the 
more  readily  and  the  more  intelligently  can  they  be  attacked 
at  their  most  vulnerable  points ;  that  much  of  the  time,  energy, 
and  money  expended  in  the  past  on  mosquito-control  projects 
might  have  been  conserved  had  our  knowledge  of  these  insects 
been  greater ;  and  that,  with  the  limited  funds  usually  available, 
efficiency  demands  that  control  measures  be  limited  to  those  of 
greatest  proven  value. 

With  regard  to  the  eradication  of  Aedes  aegypti  in  the  Philip- 
pines, the  observations  made  by  us  suggest  that  during  some- 
what prolonged  dry  periods,  with  but  little  rainfall,  the  breeding 
of  Aedes  in  roof  gutters,  cans,  bottles,  and  other  rain-water  re- 
ceptacles can  be  disregarded  and  that  concerted  efforts  should 
be  directed  against  their  breeding  places  in  houses  (vases  and 
other  flower  containers,  drip  cans,  fire  buckets,  water  barrels, 
etc.).  Throughout  the  greater  part  of  the  year,  however,  when 
the  rainfall  is  heavy,  all  types  of  breeding  places  must  be 
attacked. 

SUMMARY 

Dengue  has  no  mortality  and  is  not  a  reportable  disease  in 
the  Philippine  Islands.  It  but  infrequently  attacks  the  native 
population  in  recognizable  form,  and  it  is  assumed  that  this  is 
due  to  an  acquired  immunity.  A  study  of  its  epidemiology  in 
the  Philippines,  therefore,  is  limited  to  a  consideration  of  its 
occurrence  in  the  Caucasian  residents,  particularly  those  recently 
arrived.  As  morbidity  statistics  relating  to  its  occurrence  are 
obtainable  only  from  army  sources,  this  discussion  is  based  on 
its  occurrence  among  army  personnel. 
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Analysis  of  the  morbidity  and  mortality  statistics  for  all 
diseases  in  troops  during  the  past  twenty-one  years  indicates 
that  great  progress  has  been  made  in  the  control  of  transmis- 
sible diseases.  The  decline  has  been  of  such  magnitude  that 
the  sickness  and  death  rates  for  the  latter  half  of  the  period 
approximate  only  half  of  those  recorded  for  the  first  half.  No 
such  progress  in  prevention  can  be  reported  for  dengue,  and 
three  of  the  worst  epidemics  ever  experienced  by  American 
troops  serving  here  were  those  that  occurred  in  1920,  1923,  and 
1924.  During  the  twenty-one  years,  the  average  number  of  days 
lost  from  duty  by  mihtary  personnel  because  of  dengue  approx- 
imated seven  thousand  days  a  year. 

It  was  found  that  venereal  diseases,  malaria,  and  dengue  were 
the  principal  causes  of  sickness.  Material  progress  has  been 
made  in  the  prevention  of  venereal  diseases  and  malaria,  but 
none  can  be  reported  for  dengue. 

A  study  was  made  of  the  occurrence  of  dengue  during  the 
past  three  years  at  six  military  stations,  and  it  is  shown  that 
the  disease  attacks  continuously  and  with  greatest  frequency 
troops  stationed  in  Manila.  It  is  further  demonstrated  that 
epidemics  of  dengue  but  infrequently  occur  at  outlying  military 
stations  (Fort  William  McKinley,  Camp  Stotsenburg,  and  Fort 
Mills).  The  factors  responsible  for  inequalities  in  its  geo- 
graphical distribution  are  discussed. 

The  dengue  season  in  Manila  extends  from  April  to  November, 
though  there  is  considerable  variation  within  these  limits.  In 
1922  the  season  did  not  begin  until  June,  whereas  in  1923  and 
1924  it  began  in  April. 

The  most  reasonable  explanation  of  the  delay  in  1922  is  that 
there  must  have  been  a  marked  reduction  in  the  Aedes  aegypti 
population  during  the  early  months  of  that  year  resulting  from 
adverse  environmental  conditions.  To  test  the  validity  of  this 
assumption  a  study  was  made  of  the  daily  rainfall  during  the 
three  years.  It  was  found  that  less  rain  fell  during  the  early 
months  of  1922  than  during  the  same  months  in  1923  and  1924, 
and  that  environmental  conditions  undoubtedly  were  less  favor- 
able for  the  breeding  of  Aedes  in  1922  than  was  the  case  during 
the  same  season  for  the  two  succeeding  years.  As  the  two 
other  factors  necessary  for  the  occurrence  of  dengue  in  epidemic 
proportions  were  present — cases  of  dengue  and  a  large  number 
of  nonimmunes — ^the  conclusion  is  drawn  that  the  factor  re- 
sponsible for  the  delay  in  the  epidemic  in  1922  was  a  reduction 
in  the  Aedes  aegypti  population. 
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SPECIFIC  ETIOLOGY  OF  DENGUE 

Although  one  member  of  the  board  had  devoted  the  major 
portion  of  his  time  to  the  subject  of  the  specific  etiology  of 
dengue  for  the  year  preceding  the  initiation  of  the  transmission 
experiments,  it  should  be  stated  at  the  outset  that  nothing  of 
positive  value  has  been  accomplished.  Certain  negative  find- 
ings deserve  record,  however,  as  bearing  on  the  interpretation 
of  results  attained  by  others  and  as  guides  to  further  work 
along  this  and  related  lines.  Here  also  should  be  emphasized 
the  relation  that  the  transmission  results  bear  to  the  study  of 
the  virus  itself. 

It  has  been  repeatedly  shown  by  others  (Ashburn  and  Craig, 
1907;  Cleland,  Bradley,  and  McDonald,  1918,  1919;  Chandler 
and  Rice,  1923;  Koizumi,  Yamaguchi,  and  Tonomura,  1917) 
that  the  virus  of  dengue  is  present  in  the  circulating  blood  of 
the  patient  and  that  the  disease  may  be  directly  transmitted 
from  patient  to  patient  by  injection  of  the  infected  blood.  So 
far  as  can  be  judged  from  the  records,  the  incubation  period 
of  cases  thus  infected  does  not  differ  materially  from  that  ob- 
served in  those  infected  through  the  bites  of  mosquitoes,  except 
when  inoculation  is  made  by  the  intravenous  route.  The  virus 
has  been  demonstrated  by  human  inoculation  in  the  whole  blood, 
the  separated  serum,  and  in  the  washed  corpuscles  (Cleland, 
Bradley,  and  McDonald,  1917).  It  has  been  shown  that  filtra- 
tion of  infected  blood  or  components  of  blood  through  filters 
shown  to  retain  ordinary  bacteria  does  not  remove  the  dengue 
virus  in  all  cases  (Ashburn  and  Craig,  1907),  though  negative 
results  occur  in  a  certain  proportion  of  trials.  These  negative 
attempts  at  filtration  are  explained  by  Cleland,  Bradley,  and 
McDonald  (1919)  as  possibly  due  to  partial  clogging  of  the 
filter  pores  by  formed  elements  of  the  blood  and  consequent 
greatly  increased  difficulty  in  penetration.  The  stage  of  the 
disease  at  which  the  blood  is  infective  is  of  great  practical 
interest  to  one  who  contemplates  attempts  at  isolation  of  an 
organism  by  cultural  methods.  Transmission  by  means  of  mos- 
quitoes has  been  shown  by  the  results  of  the  present  work  to 
be  most  certain  if  the  infective  biting  takes  place  on  the  first 
day  of  the  disease  or  shortly  before.  Positive  results  have  been 
observed  in  one-third  of  the  third-day  bitings,  but  none  later 
than  that.  We  have  made  no  attempt  to  determine  how  late 
in  the  disease  the  blood  may  prove  infective,  but  it  seems 
probable  a  priori  that,  on  account  of  the  relatively  large  amount 
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used,  the  infectivity  of  the  transmitted  blood  may  persist  some- 
what longer  than  the  period  during  which  it  is  possible  to 
infect  mosquitoes.  Cleland  and  Bradley  (1918)  demonstrated 
the  presence  of  the  virus  on  the  second  and  third  days  of  the 
disease,  and  they  consider  that  two  of  their  experiments  may 
possibly  be  interpreted  as  indicating  its  presence  as  late  as  the 
eighth  day.  It  appears  evident,  however,  from  the  observa- 
tions recorded  at  this  time  and  by  others,  and  from  the  analogy 
with  similar  observations  in  the  case  of  yellow  fever,  that, 
to  obtain  positive  results  with  certainty,  the  blood  should  be 
drawn  from  the  patient  as  early  in  the  disease  as  possible,  and 
that  blood  drav^  much  later  than  the  third  day  after  onset  can 
hardly  be  expected  to  give  positive  results.  During  these  early 
days,  however,  the  virus  appears  to  be  present  in  very  small 
amounts  of  the  blood.  Its  transmission  by  mosquitoes  indicates 
that  in  a  large  proportion  of  instances  the  small  fraction  of  a 
cubic  centimeter  removed  by  a  single  insect  contains  infective 
material.  Infection  by  the  bites  of  single  mosquitoes  are  re- 
corded (Graham,  1903;  Armstrong,  1923).  In  the  series  of 
transmission  experiments  here  recorded,  no  instance  of  infec- 
tion from  the  bite  of  one  mosquito  occurred,  though  in  two  cases 
dengue  resulted  after  but  two  mosquitoes  had  bitten  the  volun- 
teer. No  special  attempt  was  made,  however,  to  induce  the 
disease  by  single  bites,  as  the  experimental  material  was  natur- 
ally limited,  and  other  matters  were  considered  more  important. 
Koizumi,  Yamaguchi,  and  Tonomura  (1917)  report  successful 
transmission  of  dengue  by  the  injection  of  0.00005  cubic  centi- 
meter of  blood. 

From  the  standpoint  of  the  seeker  for  the  virus  of  dengue, 
it  thus  appears  that  the  most  important  fact  brought  out  by 
these  observations  is  that  the  blood  to  be  investigated  should 
be  obtained  from  the  patient  on  the  first  day  of  the  disease. 
While  it  may  prove  possible  to  isolate  an  organism  later  when 
proper  methods  are  developed  it  seems  certain  that  the  highest 
proportion  of  successful  results  will  be  attained  from  first-day 
blood.  As  an  aid  to  the  interpretation  of  results  it  seems  also 
certain  from  the  transmission  experiments  quoted  that  results 
obtained  with  blood  drawn  much  later  than  the  third  day  of  the 
disease  should  not  be  expected  to  contain  the  virus.  The  pos- 
sibility must  be  considered  that  the  virus  may  exist  in  the  blood 
during  these  later  days  in  a  form  or  phase  of  its  existence  in 
which  it  is  not  capable  of  exciting  the  disease  in  man,  but  that 
it  might  be  capable  of  doing  so  after  passage  through  the  mos- 
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quito,  after  the  manner  of  the  gamete  forms  of  malaria.  The 
negative  results  of  later  mosquito  bitings,  however,  serve  to 
render  this  hypothesis  extremely  improbable. 

The  direct  examination  of  dengue  blood  in  stained  smears  and 
by  means  of  the  dark-field  microscope  has  been  undertaken  by 
a  number  of  investigators.  Graham  (1903)  described  what 
he  believed  to  be  an  intracellular  hsematozoon,  and  the  cause  of 
the  disease.  Nagib  Ardate  (1910)  believed  that  he  saw  the 
same  parasite,  but  numerous  other  students  of  dengue  blood 
have  failed  to  confirm  the  observation  and  it  is  now  generally 
regarded  to  have  been  due  to  some  misinterpretation  of  the 
appearances  observed.  The  same  criticism  appears  to  attach  to 
the  observations  of  Eberle  (1904),  Reiche  (1906),  and  Holt 
(1923).  Couvy  (1914,  1920)  reported  the  finding  of  short 
slender  spirochsetes  with  few  turns  and  pointed  ends  in  cases 
which  he  believed  to  be  dengue.  There  were  only  a  few,  and 
they  occurred  shortly  before  onset  and  during  the  first  two 
days  of  the  disease.  Blood  containing  these  spirochsetes  pro- 
duced a  corresponding  disease  in  rabbits,  and  the  spirals  were 
demonstrated  in  their  blood  as  well.  However,  in  as  much  as 
Couvy  believes  that  he  transmitted  the  disease  in  question  by 
means  of  the  phlebotomus  fly,  and  the  clinical  description  might 
apply  equally  well  to  pappataci  fever,  it  seems  probable  that 
his  results  do  not  apply  to  dengue. 

The  analogy,  epidemiologically,  and  to  some  extent  clinically, 
between  yellow  fever  and  dengue  has  led  to  the  suggestion  by 
Craig  and  others  that  the  virus  of  dengue  when  isolated  will 
prove  to  be  similar  to  that  of  the  former  disease.  When 
Noguchi,  in  1919,  described  his  Leptospira  icteroides,  this 
prediction  was  generally  recalled,  and  subsequent  attempts  to 
cultivate  the  virus  of  dengue  artificially  have  included  attempts 
by  methods  similar  to  those  used  by  Noguchi.  So  far,  how- 
ever, it  has  not  proven  possible  to  show  the  presence  of  a 
leptospira  in  dengue.  Cleland,  Bradley,  and  McDonald  (1918) 
inoculated  guinea  pigs  and  other  animals  and  failed  to  find 
leptospiree  in  their  organs  when  the  animals  were  killed  after 
an  appropriate  interval.  Chandler  and  Rice  (1923)  attempted 
cultivation  by  Noguchi's  methods,  with  negative  results,  as  also 
did  Harris  and  Duval  (1924),  so  far  as  leptospira  is  concerned. 

Many  attempts  have  been  made  to  find  an  experimental  ani- 
mal susceptible  to  dengue.  If  such  could  be  found  it  would 
greatly  simplify  the  problem  facing  the  student  of  the  specific 
etiology  of  the  disease.    With  few  exceptions,  however,  inves- 
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tigators  have  reported  negative  results  in  their  attempts  to 
induce  dengue  in  lower  animals.  The  recently  reported  v^ork 
of  Duval  and  Harris  (1924)  is  the  most  definite  claim  of  animal 
transmission,  and  deserves  on  that  account  special  discussion. 
Koizumi  and  his  coworkers  in  Formosa  (1917)  believed  that 
they  had  transmitted  the  disease  to  guinea  pigs  through  two 
passages,  though  subsequent  attempts  failed.  They  failed  also 
with  dogs,  white  mice,  rabbits,  and  monkeys.  Cleland  (1918) 
failed  with  rabbits  and  guinea  pigs.  In  one  instance  he  injected 
the  blood  of  an  experimental  guinea  pig  into  a  human  volunteer 
eight  days  after  the  pig  had  been  inoculated  with  known  infec- 
tive blood.  No  signs  of  distress  developed.  In  the  course  of 
the  present  work  a  similar  attempt  was  made  with  hogs  with 
negative  results.  Chandler  and  Rice  (1923),  Lavinder  and 
Francis  (1914),  and  Armstrong  (1923)  report  failure  to  infect 
animals.  In  view  of  all  these  negative  results  the  findings  of 
Duval  and  Harris  (1924)  must  be  reviewed  critically.  It  is  well 
known  to  those  who  have  followed  temperature  records  and  leuco- 
cytes of  rabbits  and  guinea  pigs,  especially  of  the  latter,  that 
great  variations  in  temperature  and  in  blood  count  occur  inde- 
pendently of  disease.  This  fact  renders  it  imperative  to  place 
experimental  animals  under  observation  for  some  days  before 
inoculation  and  should  make  one  extremely  conservative  in 
the  interpretation  of  results.  In  the  course  of  this  work  and 
also  in  similar  observations  during  the  study  of  the  virus  of 
influenza  we  often  observed  spontaneous  variations  in  the  tem- 
perature and  blood  count  of  control  animals  which  could  easily 
have  been  interpreted  as  disease  reactions  had  they  occurred 
subsequent  to  inoculation.  Such  results  as  those  shown  in  the 
article  of  Harris  and  Duval  (1924,  text  figure  1)  are  not  often 
seen,  however,  and  in  the  absence  of  any  other  cause  of  febrile 
reaction  would  be  extremely  convincing  if  regularly  observed. 
It  is  to  be  noted,  however,  that  these  workers  record  the  pres- 
ence of  infection  by  bacteria  of  the  paratyphoid  group  among 
their  experimental  animals  and  this  renders  their  temperature 
records  still  more  difficult  of  interpretation.  Further  study  of 
their  case  records  shows  that  two  of  their  successful  experiments 
were  made  with  blood  obtained  on  the  fourth  day  of  the  disease, 
one  on  the  tenth,  and  one  (case  6)  on  the  seventh.  (Case  6 
is  entered  in  their  table  as  of  the  third  day  of  the  disease,  but 
the  protocol  dates  show  the  onset  seven  days  previously.)  The 
considerations  given  above  with  regard  to  the  improbability  of 
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obtaining  infective  material  late  in  the  course  of  the  disease 
serve  to  arouse  doubt  as  to  the  nature  of  the  process  observed 
in  guinea  pigs  inoculated  from  these  cases.  Duval  and  Harris 
have  also  reported  their  belief  that  they  have  cultivated  from 
these  cases  and  from  experimentally  infected  animals  a  minute 
'^globoid  body"  morphologically  much  like  that  described  for 
acute  poliomyelitis.  The  observations  made  in  the  course  of 
our  work  which  bear  upon  this  matter  will  be  detailed  later. 

In  addition  to  yellow  fever,  which  has  already  been  noted 
as  resembling  dengue  epidemiologically  and  clinically,  there 
exists  in  tropical  and  subtropical  countries  a  whole  series  of 
clinically  related  diseases  in  general  similar  to  dengue.  They 
appear  to  resemble  dengue  clinically,  though  individual  out- 
breaks may  differ  considerably  in  one  or  another  respect, 
though  perhaps  not  more  than  is  the  case  in  different  out- 
breaks of  accepted  dengue.  The  question  as  to  the  unity  or 
diversity  of  these  diseases,  whether  or  not  they  should  all  be 
regarded  as  dengue,  is  discussed  in  "Clinical  aspects  of  dengue.'' 
Here,  however,  it  is  important  to  mention  one  series  of  cases 
reported  by  Dutch  investigators  in  Sumatra  under  the  name 
Spirochaetosis  febrilis.  This  disease  has  been  studied  by 
Vervoort  (1922),  Van  der  Velt  (1923),  and  Kouwenaar 
(1924).  The  outstanding  fact  in  their  work  is  that  they  have 
succeeded  in  cultivating  from  a  large  proportion  of  clinically 
similar  cases  a  spiral  organism  which  they  describe  as  mor- 
phologically like  the  organism  of  infectious  jaundice  and  the 
leptospira  of  Noguchi.  They  have  proposed  for  it  the  name 
Leptospira  pyrogenes,  though  they  admit  that  they  have  no 
means  of  definitely  separating  it  from  the  leptospira  of  infec- 
tious jaundice.  The  disease  with  which  this  organism  is  asso- 
ciated is  a  short-lived  febrile  condition,  without  fatality,  having 
a  temperature  course  indistinguishable  from  that  of  dengue. 
In  several  ways,  however,  it  appears  to  differ  from  the  latter 
disease.  Primarily,  it  would  appear  from  their  records  that 
the  disease  is  practically  limited  to  the  native  races  and  that  it 
spares  Europeans.  This,  of  course,  is  not  the  case  in  dengue 
as  seen  in  the  Philippines.  Secondly,  rash,  so  nearly  constant 
in  dengue,  is  seldom  observed  in  their  disease,  never  in  charac- 
teristic form.  Thirdly,  the  rather  frequent  occurrence  of 
jaundice  in  the  cases  they  describe  seems  to  relate  them  rather 
to  WeiFs  disease  than  to  dengue,  in  which  jaundice  is  infre- 
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quent.     It  is  never  seen  in  the  Manila  cases.     Doctor  Vervoort 
writes :  ^^ 

The  question  whether  the  fever,  caused  by  leptospirae,  has  something: 
to  do  with  dengue  fever,  is  still  open,  as  we  never  see  a  real  epidemic 
of  dengue  in  the  typical  way.  It  is  a  matter  of  fact  that  some  cases 
show  jaundice.  I  do  not  know  whether  you  meet  jaundice  amongst  your 
dengue  fever  cases.  I  must  confess  that  there  are  a  lot  of  fever  cases, 
that  have  the  same  clinical  aspect,  where  no  spirochaetes  are  found, 
but  on  the  other  hand  I  have  never  met  with  leptospirae  in  fever  cases 
that  were  not  more  or  less  typical. 

This  association  of  leptospirse  with  a  condition  clinically  sim- 
ilar to  dengue,  even  if  the  disease  is  eventually  recognized 
as  different,  renders  it  the  more  important  to  exhaust  every 
method  of  finding  a  similar  organism  in  dengue  before  it  can 
be  stated  that  a  leptospira  is  not  concerned  in  the  disease.  The 
technic  used  by  Vervoort  in  his  successful  cultivation  of  this 
organism  will  be  discussed  later. 

EXPERIMENTAL   WORK 

Direct  examination  of  blood, — In  view  of  the  reported  find- 
ing by  Blanchard  and  LeFrou  (1923)  of  spirochaetes  in  black- 
water  fever  by  means  of  triple  centrifugation  of  the  blood,  the 
first  step  in  the  hunt  for  the  organism  in  the  present  investi- 
gation consisted  in  the  application  of  their  method  to  dengue 
blood.  This  involves  the  rapid  separation  of  the  red  cells  by 
a  preliminary  slow  centrifugation,  followed  by  the  separation 
of  the  leucocytes  from  the  supernatant  fluid  by  more-prolonged 
treatment,  and  finally  the  rapid  and  complete  centrifugation 
of  the  nearly  clear  fluid.  This  final  sediment  is  composed 
mainly  of  blood  platelets.  In  practice  it  was  found  that  if 
the  first  two  steps  were  combined  the  final  results  were  the 
same  and  time  was  saved.  The  blood  used  in  these  centrifu- 
gation experiments  was  obtained  from  patients  admitted  to 
Sternberg  General  Hospital  in  whom  dengue  had  occurred  natu- 
rally. The  active  cooperation  of  the  hospital  authorities 
permitted  the  board  to  be  notified  at  once  on  the  admission  of 
cases  of  dengue  or  even  of  suspicious  cases.  Mahy  of  these, 
admitted  as  "suspect  dengue'*  or  "fever,  cause  undetermined," 
proved  later  to  be  other  than  dengue  and  served  as  excellent 
control  material. 

"  Personal  communication. 
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The  examination,  of  the  final  sediment  from  the  blood  of 
these  cases  always  showed  varying  numbers  of  actively  motile 
wavy  filaments  having  the  appearance  of  living  organisms,  but 
quite  different  in  appearance  under  the  dark-field  microscope 
from  the  leptospirse.  The  application  to  dried  films  of  this 
material,  of  the  Giemsa  stain,  and  of  the  silver-agar-silver 
impregnation  method  of  Warthin  and  Starry  resulted  in  the 
demonstration  of  spiral  filaments  in  many  cases  indistinguish- 
able from  those  seen  in  cultures  of  leptospirse,  or  in  preparations 
of  spiral  organisms  commonly  found  in  the  mouth.  It  was  noted, 
however,  that  both  under  the  dark  field  and  in  stained  prepara- 
tions there  was  a  lack  of  uniformity  in  the  various  individual 
filaments  observed,  sufficient  to  make  it  seem  improbable  that 
they  could  all  be  individuals  of  the  same  species.  Accordingly, 
similar  preparations  were  made  from  known  normal  blood  and 
it  at  once  developed  that  the  forms  seen  were  in  no  way  peculiar 
to  dengue.  That  these  pseudo-spirochsetes  had  been  repeatedly 
recorded  in  the  literature  was  discovered  on  investigation  of  the 
subject.  Indeed,  they  have  repeatedly  been  reported  as  the  caus- 
ative organism  of  various  diseases.  A  more-detailed  description 
of  these  confusing  filaments  and  a  suggested  means  by  which  they 
can  be  distinguished  from  true  spirochsetes  have  already  been 
made  the  subject  of  a  special  report  by  this  board.  Suffice  it 
to  say  here  that  they  can  readily  be  found  in  all  blood  samples 
if  looked  for,  and  are  more  numerous  in  blood  from  fever 
cases  and  in  blood  which  has  suffered  the  action  of  deteriorating 
agencies  such  as  time,  undue  heat,  etc.  The  appearances  under 
the  dark  field  serve  to  distinguish  them  clearly  from  any  of 
the  known  types  of  spiral  organism.  Although  this  finding 
proved  entirely  negative  so  far  as  the  etiology  of  dengue  is 
concerned,  the  fact  that  these  pseudo-spirochaetes  are  often 
entirely  indistinguishable  from  true  ones  in  stained  prepara- 
tions serves  to  warn  against  depending  upon  stained  material 
from  the  blood  in  a  further  hunt  for  leptospirse  in  this  disease. 

While  on  the  subject  of  pseudo-spirochaetes  it  may  be  stated 
that  these  figments  are  regularly  seen,  not  only  in  blood  prep- 
arations, but  also  in  culture  tubes  containing  blood  from 
patients,  if  the  medium  used  in  cultivation  is  isotonic  with  the 
blood.  In  such  media,  the  blood  of  the  patient,  on  standing 
for  some  days,  settles  out  in  a  layer  at  the  bottom  of  the  tube. 
The  upper  layer  of  the  blood  sediment,  consisting  very  largely 
of  leucocytes,  is  seen  upon  dark-field  examination  to  be  very 
rich  in  actively  motile  filaments  of  the  type  described.    The 
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knowledge  of  the  existence  of  the  pseudo-forms,  however, 
served  to  guard  against  a  conclusion  that  a  spirochaete  was 
growing  in  the  tube.  A  medium,  in  which  the  added  blood 
is  laked,  seems  to  prevent  the  formation  of  these  pseudo-spirals, 
or  to  destroy  them  when  formed.  They  have  never  been  ob- 
served in  nonisotonic  culture  media. 

In  view  of  this  peculiarity  of  the  false  forms,  when  the 
work  of  Connor  (1924)  on  the  separation  of  the  organism  of 
spotted  fever  from  the  blood  by  means  of  centrifugation  of 
diluted  serum  appeared,  it  seemed  worth  while  to  apply  his  method 
to  dengue  blood,  as  it  might  prove  that  the  organism  was  of  such 
specific  gravity  as  to  be  thrown  out  by  centrifugation  from 
diluted  serum  though  remaining  in  suspension  in  the  undiluted 
medium.  When  this  attempt  was  made  there  were  available 
from  time  to  time  various  cases  of  experimental  dengue  which 
made  it  possible  to  be  certain  that  the  material  was  obtained 
within  a  few  hours  of  the  actual  onset  of  the  disease.  From 
four  cases  of  this  type,  20  cubic  centimeters  of  blood  were 
obtained  within  twenty-four  hours  of  onset.  The  blood  was 
drawn  into  sterile  tubes  containing  a  small  quantity  of  citrate 
of  sodium  and  was  at  once  conveyed  to  the  laboratory.  It  was 
then  subjected  to  a  light  preliminary  centrifugation  to  separate 
the  red  cells,  and  the  supernatant  fluid  was  removed  to  other 
tubes.  Two  parts  of  sterile  distilled  water  were  then  added  to 
each  part  of  the  nearly  clear  plasma  and  the  diluted  material 
centrifugated  at  about  3,000  revolutions  for  three  hours.  The 
small  amount  of  sediment  from  each  tube  was  spread  on  cover 
slips,  fixed  in  absolute  alcohol,  and  stained  by  Giemsa  and  by 
silver  impregnation.  So  far,  this  method  has  failed  to  reveal 
the  presence  of  spiral  organisms  or  any  other  form  that  can 
definitely  be  regarded  as  a  microorganism,  or  that  differs  from 
the  appearances  seen  in  normal  blood  subjected  to  the  same 
treatment.  In  both  dengue  blood  and  controls  there  are  fre- 
quently seen,  in  Giemsa  preparations,  minute  deeply  stain- 
ing rounded  bodies,  often  in  pairs  and  frequently  surrounded 
by  a  narrow  clear  zone  resembling  a  capsule.  These  bodies 
are  observed  in  all  preparations  from  blood  or  its  components 
and  most  probably  represent  particles  of  protein  material  which 
have  taken  the  stain.  Similar  minute  particles  are  sometimes 
seen  in  silver  preparations.  They  are,  as  a  rule,  barely  large 
enough  to  be  visible  with  a  1.8-millimeter  objective  and  they 
vary  greatly  in  number,  from  enormous  numbers  to  relative 
scarcity. 
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Cultivation  experiments. — ^In  attempts  at  cultivation  the  selec- 
tion of  methods  has  been  based  on  the  probability  already  dis- 
cussed, that  the  organism  of  dengue  will  ultimately  prove  to  be 
a  leptospira  or  some  closely  related  type.  The  blood  used  in  the 
majority  of  our  attempts  at  cultivation  was  obtained  by  the 
same  method  as  was  used  in  the  earlier  investigations  of  centrif- 
ugated  blood.  Prompt  notification  of  admissions  to  the  hos- 
pital enabled  us  to  obtain  samples  of  blood  within  a  few  hours, 
and  the  considerable  number  of  cases  thus  cultured,  which 
proved  on  further  investigation  to  be  other  than  dengue,  served 
as  unselected  control  material.  The  finding  in  cultures  on 
several  occasions  of  appearances  suggestive  of  growth  aroused 
hopes  that  we  were  about  to  attain  positive  results ;  however,  on 
investigation  we  found  that  certain  of  the  cases  showing  such 
appearances  were  not  dengue  but  proved  to  be  something  totally 
different. 

Three  types  of  culture  media  have  been  mainly  used.  Two 
of  these,  the  rabbit  kidney  ascitic  fluid  medium  of  Smith  and 
Noguchi  and  the  semisolid  plasma  medium  used  by  the  latter  in 
his  cultivation  of  Leptospira  icteroides  from  yellow  fever  cases, 
were  the  same  as  those  used  by  Duval  and  Harris  in  the  work 
already  referred  to  (1924)  and  are  sufficiently  well  known  to 
require  no  special  description.  The  third  medium  is  that  used 
successfully  by  Vervoort  in  his  cultivation  of  leptospirse  from 
his  spirochsetosis  cases  in  Sumatra  (1922).  This,  in  the  form 
now  used  by  Vervoort,  consists  merely  in  a  1:1000  solution  of 
peptone,  to  which  is  added  normal  "acidum  phosphoricum"  in 
the  proportion  of  0,  1,  2,  and  3  drops  to  100  cubic  centimeters. 
The  blood  from  the  patient  is  taken  without  citration,  allowed 
to  clot,  and  is  then  mixed  as  much  as  possible  so  that  the  inoc- 
ulum contains  both  serum  and  cells.  He  uses  "one  or  more" 
drops  of  this  serum  to  each  tube  of  the  medium.  He  seldom 
finds  the  leptospirae  "earlier  than  a  fortnight  after  the  inocula- 
tion and  very  often  still  later."  Most  of  the  work  done  by  us 
was  based  on  his  earlier  description  of  his  medium  which  had 
a  p  ^  value  of  about  6.6.  In  each  experiment  from  six  to  ten 
tubes  were  inoculated.  In  as  much  as  inoculated  tubes  had  to  be 
incubated  over  prolonged  periods  it  was  found  advisable  to  use 
a  loose  rubber  cap  over  the  top  of  the  tubes  to  reduce  the  prob- 
ability of  mold  contamination  which  is  frequent  in  Manila, 
especially  in  the  rainy  season. 

The  inoculated  tubes  were  examined  at  intervals  up  to  a 
month  or  more  by  means  of  the  dark-field  microscope  and  by 
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various  staining  methods.  In  none  was  any  evidence  of  lep- 
tospira  found.  Samples  of  the  material  in  the  tubes  were  re- 
moved from  different  levels  by  means  of  sterile  capillary  pipettes 
and  subjected  to  examination,  and  the  tubes  were  returned  to 
the  incubator.  In  about  one-third  of  the  cases  the  tubes  were 
not  placed  in  the  incubator  but  were  allowed  to  stand  at  room 
temperature  which,  during  the  dengue  season,  averages  slightly 
above  80°  F. 

In  the  examination  of  material  from  the  culture  tubes  under 
the  dark  field  it  was  early  observed,  especially  if  the  material 
had  been  taken  from  the  bottom  of  the  tubes,  that  enormous 
numbers  of  highly  refractile  dancing  bodies,  much  smaller  than 
ordinary  cocci,  were  present.  These  bodies  differed  in  no  recog- 
nizable way  from  those  seen  in  the  examination  of  any  other 
serous  material  except  in  the  markedly  greater  number  present 
as  compared,  for  instance,  with  the  number  seen  in  fresh  blood, 
or  the  serum  from  a  suspected  chancre.  The  stained  prepara- 
tions from  such  material  also  showed  in  most  instances  large 
numbers  of  the  minute  rounded  bodies  already  described  in  the 
discussion  of  the  results  of  the  examination  of  centrifugated 
blood.  Often  these  bodies  were  very  numerous  in  such  material 
and  seemed  sufficiently  distinct  and  uniform  in  appearance  to 
suggest  that  they  were  minute  rounded  microorganisms.  This 
observation,  however,  also  proved  to  be  valueless,  as  examination 
of  control  material,  both  from  hospital  cases  that  proved  to  be 
other  than  dengue  and  from  normal  individuals,  showed  that 
identical  appearances  occurred  when  nondengue  blood  was  used. 

The  gross  appearance  of  the  culture  tubes  proved  to  be  of 
little  use  to  us.  In  any  given  set  of  inoculated  tubes,  there  was 
considerable  variation  in  appearance  in  the  course  of  weeks. 
Certain  tubes  would  hsemolyze  more  rapidly  than  others,  and  in 
many  the  blood  would  take  on  a  brownish  appearance.  Care- 
ful investigation  of  these  developments  showed  no  corresponding 
differences  on  examination  of  the  tube  contents  under  the  dark 
field  or  by  staining  methods.  Tubes  of  the  Vervoort  medium, 
already  hsemolyzed,  showed  no  change  on  standing  except  the 
separating  out  of  a  sediment  of  laked  red  cells.  One  appearance, 
however,  did  present  itself  in  the  case  of  many  of  the  tubes 
of  the  semisolid  plasma  medium  and  for  a  time  raised  high  hopes 
of  definite  results.  This  consisted  of  the  gradual  formation,  in 
the  semisolid  portion  of  the  tube,  of  definite  colonylike  appear- 
ances.    After  some  weeks'  standing,  these  sometimes  attained  a 
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diameter  of  a  millimeter  or  more  and  thus  could  be  very  readily 
seen  with  the  unaided  eye.  Other  tubes  showed  similar  **colo- 
nies,"  but  much  smaller,  and  in  some  it  was  necessary  to  use 
the  hand  lens  to  distinguish  the  appearance  at  all.  The  most 
careful  microscopic  examination  of  these  colonylike  masses 
failed  to  show  any  appearance  in  any  way  different  from  those 
seen  in  other  tubes  which  showed  nothing  of  the  kind.  Dark- 
field  and  staining  methods  both  failed  to  show  anything  other 
than  the  minute  rounded  bodies  already  mentioned.  Finally,  it 
was  shown  that  the  addition  to  the  semisolid  medium  of  known 
normal  blood  resulted  in  the  same  type  of  apparent  colony  for- 
mations after  standing  for  several  days.  In  no  qase,  whether 
dengue  blood  or  normal  blood  was  used,  did  all  the  tubes 
inoculated  show  this  change,  and  those  showing  it  varied  greatly 
in  degree. 

Cultures  were  made  by  these  various  methods  from  forty-five 
dengue  cases,  many  of  which  were  investigated  by  more  than 
one  of  the  culture  methods.  Only  four  were  inoculated  into 
the  Smith-Noguchi  rabbit-kidney  tubes  on  account  of  the  dif- 
ficulty in  obtaining  satisfactory  tubes  of  the  medium,  partly 
owing  to  uncertain  supply  of  ascitic  fluid  and  the  great  liability 
to  mold  contamination,  and  partly  because  the  medium  itself 
is  not  the  best  for  the  growth  of  the  special  type  of  organism 
for  which  we  were  looking.  We  feel  that  the  number  of  cases 
investigated  is  sufficient  to  convince  us  that  the  blood  of  the  cases 
used  contained  no  leptospirse  cultivable  by  the  methods  indi- 
cated. The  possibility  that  our  cases  were  obtained  too  late  for 
successful  results,  in  spite  of  the  precautions  taken,  will  be  in- 
dicated below. 

Animal  experiments. — Only  a  few  attempts  were  made  in  the 
course  of  this  work  to  transmit  dengue  to  lower  animals.  Two 
attempts  were  made  with  rabbits,  two  with  guinea  pigs,  and 
two  with  hogs.  The  results  were  entirely  negative,  but  the 
small  number  of  trials  renders  conclusions  on  the  grounds  of 
present  work  impossible. 

Examination  of  infected  mosquitoes. — During  the  course  of 
the  mosquito-transmission  work  large  numbers  of  mosquitoes  of 
lots  known  to  be  capable  of  transmitting  dengue  became  avail- 
able. These  were  examined  in  considerable  numbers  by  Dr. 
Aridrew  W.  Sellards,  who  was  at  the  time  engaged  in  research 
work  at  the  Bureau  of  Science.  His  results,  which  are  of  con- 
siderable theoretical  interest,  may  be  reported  by  him.  When 
it  became  probable  that  his  findings  had  no  direct  relation  to  the 
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etiology  of  dengue,  a  few  mosquitoes,  all  then  available,  were 
subjected  to  dissection,  and  the  viscera  spread  on  cover  slips 
and  stained  by  the  silver-impregnation  method.  In  several 
mosquitoes  thus  examined  small,  extremely  delicate,  spiral  fila- 
ments were  observed ;  they  occurred  in  groups,  and  where  found 
were  numerous,  and  were  uniform  in  size  and  shape.  Time  has 
not  yet  permitted  the  repetition  of  this  method  of  study,  nor  has 
a  sufficient  number  of  uninfected  mosquitoes  been  examined  to 
ascertain  whether  or  not  similar  appearances  exist  in  them. 

DISCUSSION 

With  regard  to  the  entirely  negative  character  of  the  results 
of  the  work  here  reported,  it  is  felt  that  one  factor  may  have 
invalidated  it  to  the  extent  that  no  definite  negative  conclusions 
should  be  drawn  at  this  time.  It  will  be  remembered  that 
during  the  course  of  our  transmission  experiments  all  attempts 
to  infect  mosquitoes  from  cases  of  dengue  that  occurred  nat- 
urally proved  fruitless.  These  attempts  were  made  with  the 
very  earliest  cases  on  which  it  was  possible  to  establish  even 
a  presumptive  diagnosis  of  dengue  and  thus  were  made  at  a  stage 
of  the  disease  closely  corresponding  to  that  at  which  blood  was 
taken  for  use  in  our  attempts  at  cultivation.  In  the  section  on 
the  Clinical  characteristics  of  dengue  it  is  shown  that  the 
average  duration  of  fever  in  our  experimental  cases  was  three 
and  nine-tenths  days,  while  the  average  duration  of  fever  after 
admission  to  the  hospital  in  twenty-five  consecutive  cases  of 
dengue  admitted  to  the  hospital  during  the  same  period  was  only 
one  and  nine-tenths  days.  This  can  mean  only  that,  on  the 
average,  cases  during  that  time  were  admitted  to  the  hospital  on 
the  third  day  of  the  disease.  Taking  into  consideration,  then, 
the  results  obtained  in  infecting  mosquitoes  on  the  different  days 
of  the  disease,  and  the  results  recorded  here  and  elsewhere  as 
to  the  infectivity  of  the  blood  on  direct  transfusion,  it  appears 
evident  that  no  negative  reports  of  any  kind  should  be  regarded 
as  conclusive  unless  based  on  material  obtained  during  the  first 
twenty-four  hours  of  the  illness.  This  is  possible  in  dengue, 
practically  speaking,  only  if  the  material  is  obtained  from  ex- 
perimentally induced  cases,  and  the  further  work  of  the  board 
along  these  lines  will  be  based  on  the  intensive  study  of  a  rela- 
tively small  number  of  such  cases,  rather  than  on  cultivation 
from  a  larger  number  of  cases  in  which  it  is  impossible  to  know 
the  exact  stage  of  the  disease. 
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Our  negative  results,  however,  have  one  point  of  value;  that 
is,  in  regard  to  the  interpretation  of  the  recent  work  of  Duval  and 
Harris  (1924).  We  have  already  pointed  out  the  reasons  why 
it  is  difficult  to  judge  the  fact  of  transmission  of  a  disease  of 
this  kind  to  lower  animals,  and  have  indicated  certain  special 
reasons  why,  in  this  particular  instance,  the  interpretation 
placed  by  Duval  and  Harris  on  their  results  in  guinea  pigs  is 
open  to  argument.  Their  description  -of  results  obtained  in  the 
semisolid  plasma  medium  with  dengue  blood  we  have  been  able 
to  parallel  completely,  not  only  with  blood  from  dengue,  but  also 
with  blood  known  to  have  no  relation  to  that  disease.  Unfor- 
tunately, Duval  and  Harris  appear  to  have  omitted  a  description 
of  their  results  in  this  medium  with  normal  blood.  We  feel 
therefore  that,  though  their  claim  that  they  had  transmitted  the 
disease  to  guinea  pigs  is  open  to  confirmation,  the  grounds  on 
which  they  based  their  belief  that  they  had  cultivated  an  organ- 
ism from  their  dengue  material  are  extremely  slight,  as  all  the 
appearances  observed,  whether  the  gross  changes  in  the  inocu- 
lated tube  or  the  microscopic  findings  under  the  dark  field  and 
with  stained  preparations,  can  readily  be  duplicated  with  non- 
dengue  material. 

Our  conclusion  is  that  the  specific  organism  of  jiengue  remains 
to  be  discovered  and  that,  as  already  indicated,  the  best  line  of 
attack  for  future  work  lies  in  the  use  of  material  from  cases 
known  to  be  in  the  first  day  of  the  disease. 

CLINICAL  ASPECTS  OF  DENGUE 
INTRODUCTION 

The  clinical  study  of  the  experimental  cases  which  form  the 
subject  of  this  report  was  primarily  undertaken  for  the  pur- 
pose of  establishing  beyond  question  that  the  disease  with  which 
we  were  working  was  in  fact  dengue.  This  demonstration  is 
essential  as  a  preliminary  to  all  the  conclusions  drawn.  The 
existence  of  a  whole  group  of  denguelike  diseases  in  tropical  and 
subtropical  regions  has  led  to  a  great  deal  of  discussion  as  to 
whether  the  disease  manifests  itself  somewhat  differently  in  dif- 
ferent regions  and  in  different  outbreaks,  or  whether  there  are 
in  fact  several  essentially  different  infections  of  similar  clinical 
character.  In  certain  regions,  pappataci  fever  and  dengue  may 
readily  be  confused  on  account  of  their  similar  character  al- 
though, as  will  be  shown  later,  there  are  suflSicient  points  of 
difference  clinically  to  distinguish  epidemics,  at  least,  even  if 
sporadic  cases  may  readily  cause  confusion.     The  fever  of  van 
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der  Scheer,  the  seven-day  fever  described  by  Sir  Leonard  Rogers 
(1919),  and  a  number  of  similarly  denominated  short-lived 
febrile  conditions  may  or  may  not  be  in  fact  dengue,  and  the 
final  decision  very  probably  awaits  the  demonstration  of  the 
active  inciting  cause.  In  the  meantime,  however,  it  is  possible 
that  the  study  of  the  variations  occurring  in  a  group  of  dengue 
cases  known  to  be  due  to  the  same  strain  of  virus  may  throw 
some  light  on  the  matter  and  prove  valuable  as  well  from  the 
standpoint  of  diagnosis.  Of  the  forty-eight  positive  mosquito 
transmission  experiments,  forty-two  were  due  definitely  to  the 
same  strain  of  virus;  all  originated  from  the  cases  infected  by 
the  blood  of  Private  Collins,  who  had  at  the  time  a  typical  case 
of  dengue.  (See -Appendix.)  The  other  six  cases  were  trans- 
mitted by  mosquitoes  infected  from  a  case  occurring  in  one  of 
us  (J.  F.  S.).  This  case  occurred  simultaneously  with  two  of 
our  experimental  cases  and  was  in  all  probability  due  to  the 
escape  from  their  cage  of  several  infected  mosquitoes  on  the 
occasion  of  their  transfer  to  the  hospital  for  the.  purpose  of 
biting  the  volunteers.  The  mosquitoes  were  noted  as  missing 
at  the  time,  and  the  onset  of  the  disease  coincided  almost  exactly 
in  the  three  cases.  It  is  probable  therefore  that  all  the  mosquito- 
transmission  experiments  really  represent  the  same  strain  of 
virus,  and  in  the  analysis  of  cases  they  have  been  so  treated. 
As  the  six  cases  not  actually  known  to  be  due  to  the  Collins  strain 
of  virus  differed  in  no  way  from  those  of  the  larger  group,  no 
significant  error  can  have  been  introduced  by  their  inclusion. 

The  presentation  of  the  clinical  analysis  of  our  experimental 
cases  will  be  preceded  by  a  discussion  of  the  symptomatology 
of  dengue  as  deduced  from  the  literature  and  from  personal 
observation  by  Maj.  Philip  C.  Riley,  who  is  particularly  qualified 
for  this  task  by  a  wide  experience  with  dengue,  both  in  the 
Philippines  and  in  Mexico.  Major  Riley  has  also  contributed 
some  observations  with  regard  to  the  treatment  of  the  disease. 
The  analysis  of  the  symptomatology  of  the  experimental  cases 
and  the  deductions  drawn  therefrom  are  the  work  of  the  mem- 
bers of  the  research  board. 

SYMPTOMATOLOGY  OF  DENGUE  *^ 

Dengue  is  an  acute,  febrile,  mosquito-borne  disease  of  un- 
known specific  etiology,  endemic  and  epidemic  in  the  Tropics, 
and  at  times  epidemic  in  temperate  regions  during  the  summer 

''  The  section  on  symptomatology,  pages  171  to  179  is  contributed  by 
Philip  C.  Riley,  major,  Medical  Corps,  United  States  Army. 
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and  early  autumn.  Typical  cases  are  characterized  by  sudden 
onset  with  physical  weakness,  headache,  postorbital  pain  and 
soreness,  flushing  of  the  face,  suffusion  of  the  eyes,  anorexia 
with  loss  of  the  sense  of  taste,  backache,  pain  in  the  bones  and 
joints,  marked  prostration,  mental  depression,  and  a  general 
feeling  of  wretchedness.  Temperature  elevation  is  coincident 
with  the  onset,  subsiding  on  the  third  or  fourth  day  with 
amelioration  of  all  symptoms,  followed  typically  by  a  secondary 
rise  after  an  interval  of  twenty-four  to  seventy-two  hours,  and 
accompanied  by  a  recrudescence  of  pain  and  distress.  This 
secondary  rise  of  temperature  lasts  twenty-four  to  forty-eight 
hours  and  usually  terminates  abruptly.  With  or  slightly  be- 
fore the  initial  rise  of  temperature,  there  is  usually  a  primary 
erythematous  skin  eruption  best  seen  over  chest,  back,  sides 
of  trunk,  and  the  flexures  of  the  arms  and  legs,  with  a  marked 
tendency  to  dermographia.  There  is  leucopenia  with  relative 
reduction  of  the  poly  nuclear  cells  and  increase  of  the  lymphocytes. 
Coincident  with  the  subsidence  of  the  temperature  there  is  a 
secondary  or  terminal  eruption  of  a  polymorphous  character. 

In  endemic  centers  the  disease  is  constantly  present,  per- 
petuating itself  by  attacking  permanent  residents  recurrently, 
often  in  very  mild  form.  It  shows  a  seasonal  variation  in 
prevalence  which  appears  to  parallel  the  variations  in  numbers 
of  the  mosquito  vectors.  Even  in  endemic  areas,  unusual  num- 
bers of  cases  occur  from  time  to  time,  even  amounting  to 
epidemics.  In  temperate  regions  in  which  the  winter  condi- 
tions are  such  as  to  preclude  the  possibility  of  Aedes  living  from 
one  season  to  the  next,  the  disease  is  characteristically  epidemic 
in  type,  and  attacks  a  large  fraction  of  the  population  with 
an  explosive  violence  surpassed  only  by  that  of  influenza. 

Prodromal  symptoms  are  usually  absent,  the  onset  being 
dramatic  in  its  suddenness.  In  young  children  the  onset  is 
often  accompanied  by  convulsions.  When  prodromes  appear 
they  are  mild  in  character,  consisting  of  chilly  sensations,  slight 
headache,  pain  in  the  lumbar  region,  lack  of  appetite,  and  re- 
curring feelings  of  weakness  or  weariness.  With  the  actual 
onset  the  skin  of  the  face,  head,  and  neck  is  deeply  congested, 
frequently  of  a  livid  color.  The  face  appears  swollen.  The 
eyes  are  suffused  and  injected.  The  resulting  expression  of  the 
face  is  characteristic,  the  patient  appearing  dull  and  stupid, 
with  obliteration  of  the  natural  lines  of  expression,  thus  simu- 
lating the  appearance  of  an  individual  recovering  from  an  acute 
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alcoholic  debauch.  Headache,  lumbar  pain,  and  postorbital 
pain  and  tenderness  on  movement  of  the  eyes  are  an  ever- 
present  triad.  The  headache  is  frequently  violent,  it  may  be 
generalized,  but  is  usually  located  in  the  frontal  region  or  deep 
behind  the  eyes.  Lumbar  pain,  with  pain  in  the  muscles,  bones, 
and  joints  is  frequently  of  such  severity  as  to  prevent  all  move- 
ment. Bone  and  joint  pains  are  often  described  as  burning  or 
boring,  and  are  worse  at  night.  Mental  depression  is  frequent 
and  severe,  the  patient  losing  all  interest  in  his  surroundings 
and  lapsing  into  a  gloomy  stupor.  Vertigo  and  nausea  are 
common  and  are  increased  by  movement.  Pain  in  the  testicles 
and  groins  has  been  noted.  Abdominal  pain  and  tenderness 
are  common. 

The  initial  skin  symptoms  are  constantly  manifested  but,  as 
they  are  evanescent,  they  must  be  carefully  sought  for.  These 
consist  typically  of  an  erythematous  mottling  of  the  chest,  back, 
inside  of  the  arms  and  thighs,  the  plantar  and  palmar  surfaces, 
and  the  back  of  the  neck  to  the  hair  line.  With  this  mottling, 
there  is  present  a  marked  tendency  to  dermographia.  These 
appearances  may  occur  as  early  as  twenty-four  hours  before 
the  onset  of  fever  and  are  considered  as  pathognomonic  when 
observed.  A  slight  elevation  of  temperature  may  exist  some 
hours  before  the  onset  of  subjective  symptoms.  The  tempera- 
ture rises  rapidly  on  the  appearance  of  headache,  backache,  and 
postorbital  pain,  reaching  its  height,  102  to  105°  F.  or  more, 
within  twenty-four  hours.  It  remains  high  for  twenty-four  to 
forty-eight  hours,  and  then  in  many  cases  falls  rapidly  to  nor- 
mal at  the  end  of  the  third  or  fourth  day,  with  disappearance 
of  symptoms  and  without  subsequent  rise.  More  characteristic, 
however,  is  the  so-called  *'saddle-back''  temperature  curve, 
which  may  be  predicted  on  the  failure  of  the  temperature  to 
reach  normal  after  the  preliminary  rise.  In  these  cases  a 
remission  only  occurs,  followed  after  one  or  two  days  by  a  re- 
crudescence of  the  fever  and  return  of  all  symptoms.  Such  a 
secondary  rise  may  be  delayed  until  the  seventh  or  eighth  day  of 
the  disease.  After  a  day  or  two  more  the  temperature  and 
symptoms  again  subside,  frequently  very  rapidly.  Free  sweat- 
ing occurs  as  the  temperature  descends  and  is  most  prominent 
in  those  cases  in  which  a  crisis  is  simulated.  It  appears  prob- 
able that  cases  may  occur  without  demonstrable  rise  of  tem- 
perature, manifested  only  by  headache,  backache,  postorbital 
pain  and  tenderness,  and  prostration.     Such  cases  are,  of  course, 
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not  common  and  are  recognizable  only  during  a  period  when 
dengue  is  prevalent. 

The  secondary  skin  rash  usually  makes  its  appearance  with 
the  subsidence  of  the  temperature  and  is  of  a  macular,  erythem- 
atous, morbilliform,  scarlatiniform,  or  petechial  character.  It 
has  even  been  described  as  purpuric.  The  outbreak  of  the 
rash  is  frequently  preceded  by  the  most  intense  itching  and 
burning  in  the  hands  and  feet,  with  a  generalized  sensation  of 
formication.  The  rash  is  best  seen  on  the  chest,  back,  back  of 
neck  to  the  hair  line,  the  knees,  the  dorsum  of  the  foot,  and  the 
base  of  the  thumb.  In  many  cases  there  is  seen  a  characteristic 
reticulated  or  lacelike  pattern,  an  intense  pink  staining  of  an 
erythematous  nature  with  "white  islands"  of  sound  skin  stand- 
ing out  in  sharp  contrast  and  conveying  the  impression  that  the 
pink  areas  are  the  normal  and  the  white  the  abnormal.  Des- 
quamation occurs  more  frequently  than  published  descriptions 
would  appear  to  indicate.  It  is  seen  most  commonly  on  the 
hands  and  feet,  but  in  some  cases  is  generalized.  It  begins  on 
the  fifth  to  the  seventh  day  and  lasts  from  five  to  seven  days. 
The  duration  of  the  eruption  is  extremely  variable.  In  some 
cases  it  is  so  evanescent  as  to  escape  notice  entirely  except  on 
close  observation.  In  one  recent  case  a  well-marked  maculo- 
papular  eruption  of  considerable  extent  made  its  appearance 
and  disappeared  completely  in  the  course  of  thirty  minutes. 
On  the  other  hand,  the  eruption  may  persist  three  or  four  days, 
fading  gradually  and  leaving  a  brownish  pigmentation.  Some 
writers  have  described  a  purpuric  modification  of  the  terminal 
rash.  The  nearest  approach  to  this  seen  by  me  was  an  occa- 
sional petechial  rash  which  failed  to  disappear  upon  pressure. 

The  tongue  is  coated  centrally,  with  clear  reddened  edges  and 
tip.  Cyanosis  of  the  face  is  at  times  rather  intense.  Appetite 
is  variable,  being  generally  lost,  and  there  may  be  an  actual 
loathing  of  the  idea  of  food.  Nausea  and  vomiting  are  frequent 
early  symptoms  and  are  aggravated  by  movement  or  on  the 
assumption  of  the  erect  posture.  A  rather  characteristic  early 
symptom,  sometimes  persisting  for  several  days,  is  the  loss  or 
perversion  of  the  sense  of  taste.  The  patient  may  describe 
the  condition  as  a  total  loss  of  taste  sensation  or  may  say  that 
everything  tastes  the  same.  Jaundice  may  occur  but  is  rare 
and  of  a  transient  nature  only.  Mild  constipation  is  frequent. 
An  initial  or  terminal  diarrhoea  may  occur,  but  is  not  charac- 
teristic.    Loss  of  weight  usually  results  from  the  attack. 
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The  pulse  varies  but  little  with  the  rise  of  temperature,  though 
it  may  be  rapid  with  onset.  More  commonly  it  is  slow  in  pro- 
portion to  the  degree  of  fever.  This  bradycardia  tends  to 
increase  with  the  duration  of  the  disease  and  is  pronounced  in 
convalescence,  pulse  rates  as  low  as  38  having  been  noted.  The 
urine  is  concentrated  and  reduced  in  amount.  Albuminuria 
has  been  noted  only  rarely  by  me  but  has  been  described  as 
occurring  frequently  on  the  second  day.  When  present  it  is  of 
mild  degree  and  of  short  duration. 

Epistaxis  is  said  to  be  frequent  and,  when  it  occurs,  to  bring 
great  relief  from  headache.  This  symptom  has  not  occurred 
in  the  Manila  cases.  Menstrual  disturbances  are  frequent,  free 
bleeding  being  common,  even  in  patients  well  past  the  men- 
opause. 

Glandular  involvement  varies  greatly  in  frequency  according 
to  published  reports,  but  in  my  opinion  is  a  most  constant 
symptom.  The  post-cervical,  epitrochlear,  and  inguinal  glands 
are  found  constantly  enlarged,  frequently  tender,  and  in  some 
of  the  cases,  with  a  prolonged  subfebrile  temperature,  the  glands 
have  been  noted  to  continue  palpable.  Tenderness  of  the  in- 
guinal glands  has  been  noted  as  a  prodrome.  Enlargement  of 
the  spleen  and  liver  has  been  reported  as  frequent,  but  has  been 
noted  in  but  two  cases  coming  under  my  observation. 

Swelling  of  the  joints  or  joint  involvement,  manifested  by 
redness  or  swelling,  has  not  been  noted,  but  is  reported  by 
others  as  being  frequent.  Joint  pains  and  neuralgic  pains  in 
the  legs  are  common  and  may  be  prolonged  som-e  weeks  into 
convalescence. 

Photophobia  is  common  and  may  precede  all  other  symptoms. 
Itching  and  parsesthesia  are  of  frequent  occurrence.  All  types 
of  mild  mental  confusion  may  exist  during  the  period  of  eleva- 
tion of  temperature,  cases  being  noted  as  drowsy,  indifferent 
with  tendency  to  stupor,  or  responding  with  difficulty  to  ques- 
tions. Vertigo  is  a  common  early  symptom,  frequently  associ- 
ated with  nausea.  Both  are  aggravated  by  movement  or  change 
of  posture  to  the  upright  position.  Absence  of  abdominal 
reflexes  with  exaggeration  of  the  knee  jerk  has  been  reported. 
The  characteristics  of  the  white-^cell  count  have  been  mentioned. 
Eosinophilia  has  also  been  reported,  but  is  probably  due  to 
complicating  infestation  by  animal  parasites. 

Complications  are  unusual.  Pyogenic  infections  of  the  skin, 
pericarditis,  orchitis,  and  inflammation  of  Cowper's  glands  have 
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been  described.  Nonspecific  reduction  of  resistance  to  infec- 
tion perhaps  plays  a  part  here  in  allowing  the  activation  of  latent 
infection.  Eye  complications  are  relatively  frequent  and  may 
appear  so  late  as  to  be  considered  rather  as  sequelae.  Catarrhal 
ophthalmia,  keratitis,  paralysis  of  accommodation,  and  acute 
glaucoma  have  been  described.  Patients  frequently  complain 
of  blurring  of  vision  and  pain  when  attempting  to  use  the  eyes, 
without  adequate  discoverable  cause;  this  condition  may  persist 
some  weeks  into  convalescence.  A  peculiar  condition  reported 
is  that  all  objects  seem  to  have  a  yellow  flamelike  color.  The 
general  haemorrhagic  tendency,  evidenced  by  bleeding  from 
mucous  membranes,  hsematemesis,  purpura,  etc.,  emphasized  by 
some  authors,  has  not  been  noted  by  me. 

Some  degree  of  involvement  of  the  myocardium  is  common 
and  should  be  watched  for.     Endocarditis  has  been  reported. 

Of  sequelae,  the  eye  condition  already  noted;  continued  mus- 
cular pain  and  weakness,  especially  in  the  legs ;  mental  depres- 
sion, sometimes  marked;  and  itching  of  the  hands  and  feet, 
especially  at  night,  are  seen  in  a  considerable  proportion  of 
cases.  There  is  also  recognized  a  tendency  to  dental  infections, 
such  as  exacerbations  of  pyorrhoea  or  root  inflammations  in  the 
weeks  immediately  following  an  attack  of  dengue.  These  se- 
quelae, though  not  of  a  very  serious  nature,  do  suffice  to  reduce 
to  a  marked  degree  the  efficiency  of  those  affected,  and  should  be 
considered  in  any  attempt  to  estimate  the  amount  of  disability 
caused  by  the  'disease. 

Relapses  and  recurrences  are  not  uncommon.  The  nature 
and  degree  of  the  immunity  conferred  by  an  attack  of  the 
disease  are  considered  at  length  elsewhere  in  this  report. 

Differential  diagnosis  of  dengue  is  usually  easy.  However, 
in  the  presence  of  an  epidemic,  or  in  localities  where  the  disease 
is  endemic,  other  acute  infections,  especially  in  their  early 
stages,  are  frequently  miscalled  dengue,  and  the  possibility  of 
confusion  should  be  borne  in  mind.  Acute  infections  of  the 
upper  air  passages,  and  especially  influenza,  are  perhaps  more 
frequently  thus  considered  dengue  in  districts  where  the  latter 
prevails  than  is  the  case  with  any  other  class  of  diseases.  How- 
ever, I  recall  two  cases  which  I,  acting  as  receiving  officer  of  a 
hospital,  admitted  as  dengue,  which  subsequently  proved  to  be 
in  the  initial  stages  of  acute  gonorrhoea.  The  list  of  diseases 
that  may  be  thus  confused  with  dengue  is  a  long  one  and,  though 
in  most  cases  the  confusion  is  soon  brought  to  an  end  by  the 
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natural  evolution  of  the  disease,  it  is  perhaps  worth  while  to 
mention  points  of  value  in  the  differentiation  of  early  cases. 
The  list  includes  typhoid  fever,  yellow  fever,  trench  fever,  pap- 
pataci  fever,  typhus,  measles,  scarlatina,  roetheln,  cerebrospinal 
meningitis,  plague,  influenza,  malaria,  syphilis,  acrodynia,  en- 
docarditis lenta,  rheumatic  fever,  the  initial  fever  of  smallpox, 
and  acute  infections  of  the  upper  air  passages. 

The  mortality  associated  with  yellow  fever  and  the  fact  that 
it  is  transmitted  by  the  same  mosquito  as  is  dengue,  and  there- 
i'ore  may  spread  in  any  locality  where  dengue  is  prevalent, 
renders  the  early  differentiation  of  the  two  conditions  partic- 
ularly important;  in  early  mild  cases  of  yellow  fever  differentia- 
tion may  prove  .for  the  time  impossible.  Main  dependence  in 
such  cases  must  be  placed  upon  the  eye  and  skin  symptoms  so 
characteristic  of  early  dengue.  The  variability  of  the  leucocyte 
count  in  yellow  fever,  which  tends  to  show  a  leucopenia  in  mild 
cases,  renders  this  method  of  differentiation  of  little  value.  In 
more-advanced  cases  of  yellow^  fever  the  jaundice,  albuminuria, 
and  haemorrhages  should  prevent  confusion. 

In  the  Tropics  typhoid  fever  is  often  encountered  in  atypical 
form.  In  this  condition,  too,  the  blood  count  is  of  little  dif- 
ferential value.  The  absence  of  the  distinctive  eye  and  skin 
symptoms  of  dengue,  together  with  the  results  of  bacteriologic 
examination,  will  soon  render  the  diagnosis  evident. 

Trench  fever  presents  many  points  of  similarity  to  dengue, 
but  is  distinguished  by  the  tenderness  and  enlargement  of  the 
spleen,  leucocytosis,  hyperalgesia  of  the  shins,  and  absence  of 
the  skin  symptoms  of  dengue. 

Pappataci  fever  may  be  impossible  of  differentiation  from 
dengue  in  sporadic  cases.  Careful  consideration  of  the  history, 
search  for  the  punctate  red  lesion  of  the  sand-fly  bite,  and 
absence  of  the  secondary  temperature  rise  and  of  the  rash  will 
assist  in  the  solution  of  the  problem.  Experience  combined 
with  careful  observation  will,  however,  prove  to  be  the  best 
guide. 

In  typhus  the  greater  prostration,  delirium,  leucocytosis,  and 
character  of  the  skin  manifestations  should  serve  to  make  the 
diagnosis  clear.  However,  in  the  mild  cases  encountered  in 
Mexico,  and  there  known  as  *'tabardillo,"  confusion  is  easy  in 
the  absence  of  laboratory  facilities. 

The  possibility  of  confusing  the  initial  stages  of  smallpox,  with 
its  high  fever,  general  pains,  preliminary  eruption,  and  leuco- 

2135S1 12 


178  2^/16  Philippine  Journal  of  Science  1926 

penia,  with  dengue  should  always  be  borne  in  mind,  especially 
when  dealing  with  an  unvaccinated  population.  Secondary 
syphilis,  too,  when  presenting  some  degree  of  fever  may  prove 
temporarily  confusing.  Mumps  should  ordinarily  cause  no  diffi- 
culty, but  two  instances  are  recalled  in  which  dengue  patients 
with  marked  glandular  enlargement  were  sent  into  isolation  as 
suffering  from  mumps.  Of  the  other  diseases  mentioned  as  be- 
ing more  or  less  difficult  to  differentiate  from  dengue,  suffice  it 
to  say  that,  if  the  possibility  of  confusion  be  borne  in  mind,  no 
difficulty  should  be  experienced  in  their  separation,  either  through 
characteristic  early  signs  or  symptoms  or  through  their  nature 
becoming  evident  in  the  natural  evolution  of  the  condition. 

Of  differentiation  among  the  group  of  so-called  "denguelike 
diseases,"  including  Van  der  Scheer's  fever,  six-day  fever  of 
Panama,  red  fever  of  Caracas,  Rogers's  seven-day  fever,  and 
others,  little  can  be  said.  It  would  appear  that  among  them- 
selves they  differ  little  if  any  more  than  do  different  outbreaks 
of  dengue  and,  until  specific  etiologic  evidence  is  available,  the 
possibility  of  their  essential  identity  must  be  borne  in  mind. 

The  prognosis  of  uncomplicated  dengue  is  good  and  the  mor- 
tality negligible,  though  in  widespread  epidemics  it  may  not  be 
nil.  Deaths  have  been  reported  at  the  extremes  of  life.  In 
the  aged,  rapid  hyperpyrexia,  oedema  of  the  lungs,  failure  of  the 
right  heart,  haematemesis,  purpura,  persistent  vomiting,  ne- 
phritis with  suppression  of  urine,  and  myocarditis  have  been 
recorded  as  causing  fatal  termination.  In  children  a  bad  prog- 
nosis accompanies  the  development,  at  about  the  fifth  day,  of 
rapid  cardiac  decompensation  with  collapse,  vomiting,  and 
hyperpyrexia.  This  is  also  true  of  haematemesis  and  convul- 
sions. The  aged,  and  sufferers  from  tuberculosis,  diabetes,  and 
chronic  bronchitis,  chronic  alcoholics,  and  opium  smokers  are 
said  to  be  especially  liable  to  fatal  termination  if  attacked  by 
dengue. 

The  morbid  anatomy  of  dengue  is  little  known,  owing  to  the 
infrequency  of  opportunity  for  investigation.  Scheube  (1910) 
states  that  the  following  have  been  observed  post  mortem: 
Hypersemia  of  the  lungs  and  cerebral  meninges  with  serous 
exudation  into  the  pia  mater;  serous  exudation  about  isolated 
joints;  effusion  of  serous  fluid  into  the  pericardium;  and  soften- 
ing of  the  myocardium.  I  once  had  the  opportunity  of  perform- 
ing an  autopsy  upon  the  body  of  a  man  who,  while  suffering  from 
a  dengue  attack,  had  been  killed  by  his  wife.     The  examination 
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was  made  in  Mexico  under  unfavorable  conditions  and  for 
medico-legal  purposes.  The  only  abnormality  noted  in  this  case 
was  a  general  marked  enlargement  of  the  internal  lymph  nodes. 
There  was  no  enlargement  of  the  liver  nor  of  the  spleen. 

In  the  treatment  of  dengue  two  desiderata  are  to  be  borne 
in  mind;  namely,  the  promotion  of  the  comfort  of  the  patient 
during  the  attack  and  the  reduction  of  the  proportion  of  cases 
showing  partially  disabling  sequelse.  Both  these  objects  are 
best  attained  by  insistence  on  rest  in  bed  during  the  whole  course 
of  the  disease,  including  the  period  of  remission.  The  diet 
during  the  first  twenty-four  to  forty-eight  hours,  or  if  vomiting 
be  present,  should  be  liquid,  but  with  subsidence  of  the  tempera- 
ture soft  or  even  full  diet  may  be  allowed.  Alcoholic  drinks 
should  be  withheld.  Active  purgation  has  proved  to  be  a  mis- 
take, though  the  exhibition  of  mild  aperients  may  be  indicated. 
Sponging  and  cold  applications  are  valuable  in  hyperpyrexia. 
Aspirin  and  other  salicylates  have  not  been  found  of  use  by 
me,  though  acetphenetidin  has  proved  very  satisfactory.  At 
times  hypodermic  injection  of  morphine  or  codein  may  be  re- 
quired for  the  relief  of  intense  pain.  Lumbar  puncture  has 
been  found  to  relieve  intense  headache  and  restlessness,  and  it 
may  be  noted  that  in  a  recent  series  of  six  cases  the  fluid  with- 
drawn, while  crystal  clear,  showed  evidence  of  being  under 
increased  pressure.  Vomiting  is  best  controlled  by  confining 
the  patient  to  a  recumbent  position  at  all  times.  It  is  possible 
to  feed  with  perfect  comfort  in  this  position  patients  who  reject 
all  food  as  soon  as  swallowed  when  in  the  sitting  or  semireclihing 
position.  Chloral,  bromides,  and  sulphonal  have  been  found 
useful  for  insomnia  and  restlessness.  Calcium  chloride  has  been 
recommended  for  hsemorrhagic  conditions.  Collapse  in  children 
should  be  treated  by  hypodermics  of  morphine  sulphate  with 
measures  to  combat  shock.  Attempts  to  reduce  hyperpyrexia 
usually  fail.  Skin  irritation  during  or  following  the  rash  is 
best  treated  by  alkaline  baths  or  by  sponging.  Adrenalin  and 
tincture  of  belladonna  by  mouth  are  said  to  hasten  convales- 
cence. 

ANALYSIS   OF  EXPERIMENTAL   CASES 

For  the  clinical  analysis,  only  those  of  our  experimental  cases 
that  followed  the  bites  of  infected  mosquitoes  were  utilized. 
The  inclusion  of  cases  resulting  from  successful  blood-transmis- 
sion experiments  would  have  increased  the  number  studied  to  a 
considerable  degree,  but  their  inclusion  does  not  seem  justified 
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in  a  clinical  study,  as  in  them  the  disease  was  not  acquired  in  a 
natural  manner.  On  the  other  hand,  the  fact  that  the  mos- 
quitoes used  were  infected  purposely  rather  than  accidentally 
can  have  no  relation  to  the  symptomatology  of  the  cases  resulting 
from  their  bites,  and  we  feel  that  the  study  of  these  cases  will 
serve  not  only  to  prove  the  point  that  the  disease  with  which 
we  were  dealing  was  in  fact  dengue,  but  also  that  certain  points 
in  the  clinical  history  of  the  disease  may  be  brought  out  very 
clearly  by  the  study  of  a  fair-sized  group  of  cases,  which  re- 
sulted from  the  same  strain  of  virus  but,  otherwise,  were  entirely 
unselected.  Textbook  descriptions  of  this  disease,  like  those  of 
most  others,  incline  to  emphasize  typical  conditions  and  seldom 
give  any  exact  idea  as  to  the  frequency  with  which  any  symptom 
is  likely  to  be  observed  in  a  given  series.  Our  group  of  forty- 
eight  cases  is  large  enough  to  render  averages  of  some  signifi- 
cance and  to  permit  of  mathematical  treatment  of  the  figures 
along  accepted  statistical  lines.  We  recognize  the  fact  that 
dengue,  like  most  infections,  varies  from  time  to  time  in  viru- 
lence. It  seems  entirely  probable  that  the  general  run  of  cases 
as  seen  in  an  endemic  center  such  as  Manila  is  less  severe 
than  it  is  during  an  epidemic  invading  a  relatively  new 
area.  Accounts  of  outbreaks  of  the  disease  among  our  soldiers, 
in  the  early  days  of  American  occupation  seem  to  indicate  that 
the  average  case  at  that  time  was  more  severe  than  it  is  at 
present.  Whether  this  is  indeed  the  fact,  or  whether  the  im- 
pression is  due  to  the  unconscious  selection  of  the  severer  cases 
for  remembrance  on  the  part  of  the  older  officers,  cannot  be 
determined  at  this  time.  Our  series  contained  a  few  severe 
cases,  in  which  the  pain  and  discomfort  were  sufficient  to  fit  the 
description  of  the  classical  case.  Many  were  of  moderate 
severity  and  a  few  presented  objective  and  subjective  symptoms 
so  slight  as  to  raise  a  possible  question  as  to  whether  or  not 
they  should  be  considered  as  positive  results.  Fortunately,  in 
all  cases  where  this  question  arose  it  proved  possible  to  answer 
it  definitely  by  means  of  further  transmission  experiments.  If 
a  doubtful  case  is  bitten  by  Aedes  mosquitoes  shortly  after  onset 
and  another  case  arises  as  the  result  of  the  bites  after  the  ap- 
propriate interval  of  "maturation'*  of  the  virus,  and,  if  the 
second  case  presents  unmistakable  evidences  of  dengue,  the 
nature  of  the  original  case  is  unassailably  established,  provided 
that  the  experiment  was  undertaken  under  the  controlled  condi- 
tions obtaining  in  our  experimental  ward.     This  method  of  con- 
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firmation  was  not  intentionally  used  in  any  case  but  resulted  in- 
cidentally to  the  routine  transmission  work.  All  cases  considered 
positive  were  so  declared  after  consultation  with  Major  Riley, 
and  on  clinical  grounds  alone.  The  subsequent  study  of  the  cases, 
however,  show^ed  that  some  of  them  were  so  mild  or  varied  in  some 
particular  from  the  typical  to  such  a  degree  as  to  render  a 
written  description  of  the  case  unconvincing  to  one  inclined  to 
be  skeptical  of  results.  As  already  stated,  all  such  cases 
were  definitely  confirmed  by  further  transmission  experiments. 
Therefore,  it  may  be  regarded  as  established  that  all  of  the 
forty-eight  cases  here  studied  were  in  fact  examples  of  the  same 
disease,  and  that  such  variations  in  character  and  degree  as 
are  shown  in  their  symptomatology  reflect  the  variations  that 
actually  occur  in  naturally  acquired  cases.  The  occurrence 
among  them  of  an  occasional  case  so  mild  as  hardly  to  attract 
the  attention  of  the  patient  himself  is  highly  important  epi- 
demiologically,  as  it  constitutes  for  dengue  a  confirmation  of  the 
assumption  often  made  for  other  diseases;  namely,  that  the 
disease  may  be  spread  and  the  virus  carried  over  periods  of 
apparent  absence  by  means  of  missed  cases  of  extreme  mildness. 
To  carry  this  a  step  farther,  it  appears  possible  that  cases  may 
occur  of  such  mildness  as  to  render  their  recognition  on  clinical 
grounds  alone  impossible.  The  study  of  individual  symptoms 
and  their  variations  suggests  this  possibility,  and  the  point  will  be 
brought  out  later  in  the  discussion. 

The  first  step  in  our  analysis  of  these  cases  consisted  in  the 
preparation  of  complete  abstracts  of  the  clinical  histories  of  the 
cases,  covering  the  period  of  isolation  or  observation  as  well  as 
that  of  illness.  All  volunteers  were  under  close  observation 
during  their  stay  in  the  experimental  ward,  and  regular  temper- 
ature records  were  kept.  On  the  development  of  clinical  dengue, 
the  men  were  transferred  to  the  regular  hospital  wards  and  the 
required  oflTicial  records  made  by  the  ward  surgeons.  Major 
Riley  was  responsible  for  the  completeness  and  accuracy  of 
these  records,  and  to  his  interest  and  industry  we  are  indebted 
for  much  of  the  value  of  the  results.  With  the  abstract  from 
the  clinical  history  of  each  case  a  plot  of  the  temperature  record 
from  the  time  of  admission  to  the  experimental  ward  until  final 
discharge  from  the  hospital  was  also  prepared.  With  these  as 
readily  accessible  sources  of  information,  the  symptomatology 
of  the  series  was  then  tabulated  by  cases,  each  symptom  being 
recorded  as  present  or  absent,  and  information  briefly  entered 
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as  to  character  and  time  of  appearance  of  rash,  degree  and  dura- 
tion of  temperature,  character  of  leucocyte  counts,  etc.  The 
basic  table  thus  obtained  contained  the  essential  clinical  history 
of  each  individual  case  and  proved  to  be  so  large  and  of  so  un- 
wieldy a  nature  as  to  render  its  reproduction  impracticable. 
A  consolidated  tabulation  of  the  symptoms  shown  by  the  group 
as  a  whole  is  accordingly  here  presented  to  show  in  general 
the  results  of  the  clinical  study.  Certain  special  features  will  be 
developed  more  fully  later.  For  comparison  and  control  a  simi- 
lar tabulation  of  the  symptomatology  shown  by  a  series  of  twenty- 
four  naturally  acquired  cases,  occurring  consecutively  during 
the  period  covered  by  our  work,  is  also  shown.  (See  Tables  21 
and  22.) 

Table  21. — Symptomatology  shown  by  experim^entally  induced  dengue  cases. 


Symptom. 


Noted  as  present. 


Number.  Per  cent. 


Prodromal  sjTnptoms 

Chilliness  at  onset 

Sudden  onset 

Headache 

Postorbital  pain  and  soreness 

Flushing  of  face 

Injection  and  suffusion  of  eyes 

Characteristic  facial  expression 

Backache 

Pains  in  limbs 

Generalized  pain 

Anorexia 

Loss  or  perversion  of  sense  of  taste 

Nausea 

Vomiting 

Vertigo 

Nose  bleed .. 

Other  haemorrhages 

Adenopathy 

Congestion  of  throat 

General  malaise 

Diarrhcra 

I*eak  temperature  reached    within    24 

hours 

Peak  temperature  reached  later 

Peak  temperature  in  second  wave ; 

Saddle-back  temperature  curve j 

Near  saddle-back  temperature  curve , 

Single-wave  temperature  curve ■ 

Rash  with  onset 1 

Terminal  rash , 

Leucopenia 


31 
15 
14 
44 
33 
38 
37 
15 
16 
12 
15 
20 
18 
17 
4 
24 


37 

9 

23 

1 

25 
23 
5 
19 
14 
15 
37 
40 


65 
31 
29 
92 
69 
79 
77 
31 
33 
25 
31 
42 
38 
35 
8 
50 


Noted  as  absent. 


Number.  Per  cent. 


25 
47 


Number.  Per  cent. 


Not  noted. 


35 
69 
67 
6 
25 
15 
21 
69 
67 
75 
69 
56 

52  I 
48 
73 
42 
81 
100 
11 
81 


11 
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Table  22. — Symptomatology  shown  by  naturally  occurring  dengue  cases. 


I 


Symptom. 


Number.  Per  cent. 


Onset  sudden 

Chill  with  onset 

Headache 

Postorbital  pain  and  soreness 

Flushing  of  face 

Injection  and  suffusion  of  eyes 

Characteristic  facial  expression 

Backache 

Pains  in  limbs 

Generalized  pains 

Anorexia 

Loss  or  perversion  of  flense  of  taste. 

Nausea 

Vomiting 

Vertigo 

Nose  bleed 

Other  haemorrhages 

Adenopathy 

Congestion  of  throat 

General  malaise 

Diarrhoea 

Rash  with  onset 

Terminal  rash 

Leucopenia 


Noted  as  present. 


18 
10 
24 
22 
16 
10 

6 
14 
11 

6 
14 
13 

8 

2 
21 


20 
7 
22 
2 
14 
15 
21 


75 
42 
100 
92 
67 
42 
25 
58 
46 
25 
58 
54 
33 


29 
92 
8 
58 
62 
88 


Noted  as  absent. 


Number.  Per  cent. 


Number.  Per  cent. 


12 


21 

50 
67 

4 
67 


Not  noted. 


54 
21 


21 
42 


8 
21 
58 
71 
38 
54 
75 
42 
25 
17 
25 

8 
33 


17 
67 
8 
38 
21 
38 


A  comparison  of  the  figures  shown  in  the  two  tables  reveals 
the  essential  similarity  of  the  symptomatology  shown  by  the 
two  groups  of  cases.  Differences  in  the  proportion  of  cases  in 
the  two  groups  manifesting  certain  symptoms  are  of  interest 
and  significance.  The  group  of  experimentally  induced  cases 
was  under  entirely  different  environment  from  that  of  the  group 
of  naturally  acquired  ones  up  to  the  time  of  admission  to  the 
hospital.  The  experimental  cases  were  confined  to  the  ward 
and  consequently  at  rest.  The  cases  from  outside  came  from 
duty  and  in  most  cases  were  actively  at  work  up  to  the  time  of 
admission.  As  it  will  be  shown  later  that  this  group  as  a  whole 
had  evidently  been  suffering  from  the  disease  for  more  than  a 
day  before  reporting  at  the  hospital,  it  is  natural  to  attribute 
the  greater  prominence  of  some  symptoms,  such  as  vertigo  and 
malaise,  to  the  fact  that  the  men  continued  at  work  after  the 
disease  had  started.  Another  result  of  the  presence  of  the  ex- 
perimental cases  in  the  observation  ward  was  the  possibility  of 
watching  them  carefully  for  early  or  prodromal  symptoms. 
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The  onset  in  the  experimental  cases  is  stated  to  have  been 
sudden  in  fourteen  of  the  forty-eight  cases,  or  29  per  cent;  it 
was  gradual  in  4  per  cent,  and  in  the  balance  this  point  was 
not  noted.  We  find,  however,  that  in  thirty-one,  or  65  per  cent, 
of  the  cases,  prodromal  symptoms  were  recorded  by  the  nurse 
in  the  observation  ward.  This  high  proportion  runs  counter 
to  the  usual  description  of  the  disease  and  is  explained  by  the 
unusual  opportunity  of  watching  the  cases  develop.  Such  pro- 
dromal symptoms  usually  preceded  the  rise  of  temperature  by 
from  six  to  twelve  hours,  but  in  one  case  they  were  evident  for 
two  days  before  the  advent  of  fever.  Headache,  weakness  and 
malaise,  sleepiness,  backache,  sore  eyes,  and  loss  of  appetite  were 
the  usual  complaints. 

With  the  rise  of  temperature  all  the  symptoms  were  aggra- 
vated. The  headache,  postorbital  pain  and  soreness,  flushing  of 
the  face,  and  injection  or  suffusion  of  the  eyes  were  very  con- 
stantly present  and,  together,  led  to  the  characteristic  facial  ex- 
pression described  by  Major  Riley.  Backache,  pains  in  the 
limbs,  and  generalized  pain,  sufficiently  intense  to  be  complained 
of  by  the  patient,  were  somewhat  less  common  in  the  experi- 
mental cases  than  in  the  symptom  group  first  mentioned.  In 
the  naturally  acquired  cases  they  were  rather  more  prominent. 
Loss  of  appetite  was  noted  in  about  half  of  the  cases  and  not 
particularly  noted  in  most  of  the  rest.  In  one  case  it  was  stated 
that  appetite  was  not  lost.  The  interesting  nervous  disturbance 
evidenced  by  loss  or  perversion  of  the  sense  of  taste  is  prominent 
in  both  groups  of  cases.  The  men  complained  that  food  had  no 
taste  or  that  all  articles  of  food  tasted  the  same.  In  some  cases 
an  unpleasant  taste  persisted  in  the  mouth  independently  of 
food.  Nausea  was  a  complaint  in  about  a  third  of  the  cases, 
leading  to  vomiting,  however,  in  only  about  a  quarter  of  the 
cases  so  complaining.  Vertigo  was  still  commoner  than  nausea ; 
it  occurred  in  half  of  the  experimental  cases  and  in  nearly  90  per 
cent  of  the  cases  from  outside.  General  malaise  of  such  degree 
as  to  require  special  notice  occurred  in  nearly  all  of  the  natural 
cases  but  in  less  than  half  of  the  experimental  group. 

Haemorrhage  from  the  nose  or  elsewhere  was  not  noted  in 
either  series.  Adenopathy  was  noted  in  about  80  per  cent  of 
each  group.  This  interesting  condition  would  appear  to  be 
among  the  most  characteristic  and  constant  evidences  of  infec- 
tion with  the  virus  of  dengue.  In  one  case  personally  observed 
enlargement  and  distinct  tenderness  of  the  right  epitrochlears 
preceded  the  onset  by  two  days.     Major  Riley  mentions  the  oc- 
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currence  of  tender  inguinal  glands  before  onset.  Taken  in  con- 
nection with  the  biting  habits  of  Aecles  mosquitoes,  which  seem 
to  prefer  the  ankles  and  elbows  as  points  of  attack,  these  obser- 
vations may  indicate  the  occurrence  of  a  primary  adenopathy 
in  the  lymph  nodes  that  drain  the  area  of  the  infecting  bite. 
Observation  of  our  experimental  cases  for  this  point  was  entirely 
negative.  Diarrhoea  and  cough,  which  have  been  described  as 
sometimes  present  in  dengue,  did  not  occur  in  our  cases  more 
frequently  than  might  be  expected  in  any  similar-sized  group. 
Congestion  or  injection  of  the  mucous  membrane  of  the  throat 
occurred  in  19  per  cent  of  the  experimental  cases  and  in  29  per 
cent  of  those  that  occurred  spontaneously.  In  the  remaining 
cases  of  each  group  this  point  was  not  specially  mentioned  in 
the  records.  As  this  symptom  appears  rather  a  localization  of 
the  primary  eruption  than  a  manifestation  of  a  local  inflam- 
matory process,  and  as  it  is  seldom  accompanied  by  discomfort 
in  the  throat,  its  occurrence  is  probably  overlooked  in  many 
instances. 

Comparison  of  the  symptomatology  shown  by  the  experimental 
cases  of  our  series  with  the  classical  description  given  by  Major 
Riley  serves  to  convince  one  that  the  disease  with  which  we 
were  dealing  was  in  fact  dengue.  Certain  further  evidence  is 
available,  however,  in  the  character  and  duration  of  the  temper- 
ature curve  and  in  a  study  of  the  white  blood  counts  and  of  the 
eruptions.  These  features  of  the  symptomatology,  together 
with  the  duration  of  the  period  of , incubation,  in  as  much  as 
they  are  expressed  quantitatively,  may  be  studied  by  statistical 
methods  and  certain  conclusions  drawn  therefrom  that  appear 
of  more  than  passing  interest. 

The  period  of  incubation. — The  incubation  period  of  dengue 
has  been  variously  given.  The  clinical  observations  bearing 
on  this  point  are  collected  in  the  section  of  this  report  dealing 
with  the  history  of  the  disease.  Cleland,  writing  in  Byam  and 
Archibald's  Practice  of  Medicine  in  the  Tropics  (1923),  con- 
cludes that  the  evidence  on  hand  indicates  that  the  incubation 
period  is  usually  from  three  to  eight  days,  with  extremes  of 
two  and  a  half  and  fifteen.  The  shorter  periods  referred  to  ap- 
pear to  have  been  based  on  cases  induced  by  the  intravenous 
inoculation  of  the  virus.  The  extreme  period  of  fifteen  days  is 
based  on  the  observation  of  a  case  of  blood  transmission  reported 
by  Cleland  and  Bradley  (1919).  The  protocol  of  that  case 
shows  nothing  to  criticize  and  the  observation  must  be  accepted, 
at  least  for  cases  induced  by  the  injection  of  infected  blood; 
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the  blood  used  for  the  case  was  drawn  from  the  infected  donor 
late  on  the  fourth  day  of  the  disease  (ninety  hours) .  Our  ex- 
perimental series  of  cases  induced  by  the  bites  of  infected  mos- 
quitoes provided  an  unselected  group  of  cases,  infected  by  the 
natural  route,  in  which  the  lapse  of  time  between  the  infective 
biting  and  the  onset  of  fever  (which  we  have  regarded  as  the 
definite  beginning  of  the  disease)  is  definitely  known.  In  the 
protocols  of  these  cases  the  incubation  period  has  been  recorded 
to  the  nearest  quarter  day.  If  these  observations  be  grouped 
the  distribution  shown  in  Table  23  and  plotted  in  fig.  15  is  ob- 
tained. The  figures  are  combined  in  groups  of  whole  days  to 
avoid  the  inequalities  due  to  the  small  number  of  observations 
and  to  obtain  a  fairly  smooth  curve. 

Table  23. — Showing  the  frequency  of  incubation  periods  in  experimental 

dengue. 


Days. 


Cases. 

Per  cent. 

12 

25 

17 

35 

7 

15 

7 

15 

3 

6 

1 

2 

1 

2 

48 

100 

4  to  4.99___ 
5to5.99__- 

6  to  6.99_-. 

7  to  7.99..  _ 

8  to  8.99... 

9  to  9.99... 

10  to  10.99  _ 

Total 


a  Mean,    6.05    days. 

The  greatest  number  of  cases  (seventeen,  or  35  per  cent  of 
the  group)  fell  on  the  fifth  day  after  biting.  Twenty-five  per 
cent  had  an  incubation  period  of  over  four  and  less  than  five 
days,  and  the  sixth  and  seventh  days  showed  15  per  cent  each. 
The  shortest  incubation  period  observed  as  the  result  of  mos- 
quito-borne infection  was  four  and  a  quarter  days,  while  the 
longest  was  ten  days.  The  curve  obtained  by  plotting  the  data 
(fig.  15)  is,  of  course,  not  symmetrical,  the  variations  being 
much  wider  on  the  side  of  the  longer  periods  than  on  that  of  the 
shorter  ones.  However,  for  the  purpose  of  estimating  the  prob- 
ability of  variations  that  tend  to  be  extreme,  such  as  the  fifteen- 
day  incubation  period  recorded  by  Cleland  and  Bradley  (1919), 
it  is  permissible  to  consider  only  the  trend  of  the  curve  that  re- 
cords the  frequency  of  periods  above  the  mean.  If  this  be  done, 
the  probable  error  of  a  symmetrical  distribution  with  a  curve 
of  the  same  shape  will  be  found  to  be  one  and  three-tenths  days. 
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Fig.  15. 


Chart  plotted  from  the  data   in  Table  23,  showing  frequency  of  incubation   periods 
by  days    in   experimental   series   of   forty-eight   cases   of   dengue. 


Our  extreme  observation,  ten  days,  is  thus  seen  to  differ  slightly 
over  three  times  the  probable  error  from  the  mean  (6.05  days) 
so  that  according  to  chance  it  should  occur  once  in  about  twenty- 
live  times.  That  one  such  case  should  have  occurred  in  forty- 
eight  observations  is  then  exactly  what  should  be  expected.  An 
incubation  period  of  fifteen  days,  however,  is  a  deviation  over 
seven  times  the  probable  error,  and  the  odds  against  such  an 
occurrence  in  a  group  of  cases  showing  the  distribution  of  incu- 
bation periods  given  here  are  several  hundred  thousand  to  one. 
It  is  manifestly  impossible,  with  no  basis  other  than  this  analysis, 
to  deny  the  possibility  that  such  a  case  actually  may  have  oc- 
curred; but,  obviously,  another  case  showing  so  long  an  incu- 
bation period  is  not  to  be  expected. 

The  average  incubation  period  in  our  series  was  six  and  one- 
twentieth  days ;  in  25  per  cent  it  was  less  than  five  days ;  in  60 
per  cent,  less  than  six  days ;  in  75  per  cent,  less  than  seven  days ; 
and  in  90  per  cent,  less  than  eight  days.  Incubation  periods  of 
more  than  ten  days  must  be  very  rare  in  naturally  acquired  cases. 

The  fever. — Some  interesting  generalizations  with  regard  to 
the  character  and  duration  of  the  fever  are  possible  from  the 
figures  provided  by  the  experimental  series.  The  highest  point 
reached  by  the  temperature  during  the  course  of  the  disease  is 
shown  in  Table  24  and  plotted*in  fig.  16. 
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Table  24. — Highest    temperature  reached  durvuj  course   of   attack  of 
experiviental  dengue. 


99.5  to  10(i.4  . 
100.5  to  lOJ.l 
101.5  to  102.4 
102.5  to  103.4. 
103.5  to  104.4.. 


Temperature'. 


Total . 


Cases. 

Per  cent. 

i            17 

1      10   5 
35  4 

13 

27.1      1 

9 

18.7     1 

4 

8.3 

48 
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Fig.   16.     Chart  plotted  from  the  data  in  Table  24,   showing   the  highest  tem[>erature  reached 
in   the   forty-ei.erht   experimental   dengue   cases. 

The  curve  in  fig.  16  is  only  moderately  asymmetrical  and  sug- 
gests a  fairly  even  distribution  about  its  mean  of  101.9.  The 
highest  point  reached  in  the  case  with  the  lowest  maximum 
temperature  was  99.6 "'.  The  highest  temperature  observed  in 
the  group  was  104°.  Inspection  of  the  temperature  curves  of 
the  cases  previous  to  the  develophient  of  dengue  shows  that  tem- 
peratures of  over  99'  and  occasionally  over  100^  are  common  in 
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health,  under  the  conditions  of  the  experiment.  Balfour,  in 
Byam  and  Archibald's  Practice  (1921),  calls  attention  to  the 
more  or  less  regular  occurrence  of  slight  temperature  elevations 
in  unacclimatized  whites  in  tropical  regions.  Thus,  to  base  a 
diagnosis  of  dengue  infection  on  a  temperature  of  99.6 '  would 
appear  to  be  unjustified.  The  case  in  question  (Working  A-57, 
of  the  experimental  series)  was  in  all  other  respects  a  typical 
case  of  dengue.  His  subjective  symptoms  were  definite,  he 
showed  a  characteristic  macular  i-ash  on  the  third  day,  and  he 
had  a  moderate  degree  of  leucopenia.  More  convincing  still, 
mosquitoes  allowed  to  bite  him  on  the  first  day  of  his  illness 
were  shown  to  be  capable  of  transmitting  the  disease  to  others. 
The  degree  of  fever  attained  by  a  given  case  of  dengue  is  thus 
seen  to  be  very  variable,  and  in  at  least  one  proven  case  is 
shown  to  be  hardly  above  normal.  This  suggests  the  possibility 
of  cases  occurring  in  which  fever  may  be  altogether  absent.  If 
such  do  occur  it  is  important  from  the  standpoint  of  the  epide- 
miology and  prevention  of  the  disease.  The  study  of  the  dura- 
tion of  fever  in  our  series  furnished  further  suggestive  evidence 
in  this  direction. 


!V 

■■'   ■■   ;■•- I--             !                1                            .= 

. 

I  • 

> 

— 
- 

'A     \     i  ■-• 

\ 

■   .  ■ 
■ 

/  ■\  [■■      /    ' 

X 

x 

i' 

i     '     .       ( .     '  .    : :   :          : , , 

;       Diifi.'i];!oriOfPr.vL!(^.  5.vf5. 

:    ,    '     o 

o 

■      ;    CO 

Fig.   '11.     Chart  plotted   from   the  data   in   Table  25,   showing  duration   of  temperature   in  the 
forty-eipht    experimental    den^rue    cases. 

The  data  shown  by  the  study  of  the  duration  of  temperature 
in  our  cases  are  grouped  in  Table  25  and  shown  graphically  in 
^g,  17.  The  curve  is  more  symmetrical  than  that  in  fig.  16  and 
shows  a  fairly  even  distribution  about  the  median  of  3.3  days. 
The  mean,  affected  more  by  the  cases  of  long  duration,  is  3.92. 
In  Table  24,  which  records  the  highest  temperature  reached,  we 
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Table  25. — Duration  of  fever,  onset  to  final  defervescence,  in  experimental 

dengue. 


Duration. 

Cases. 

Per  cent. 

Days. 
0.1  to  1.0                                 -   

1 

8 

12 

10 

10 

5 

1 

1 

2.1 
16.6 
25.0 
21.0 
21.0 
10.5 
2.1 
2.1 

1.1  to  2.0 

2.1  to  3.0             

3.1  to  4.0                               --- - 

4.1  to  5.0     __   --- 

5.1  to  6.0             .               _-   -     _- 

6.1  to  7.0 

7.1  to  8.0           -___-_          _     _- 

Total -   --   -- 

48 

100.4 

found  a  small  number  of  cases  with  practically  no  fever.  In 
the  present  tabulation  it  is  seen  that  one  case  had  only  one  day's 
duration  of  fever ;  however,  the  two  observations  do  not  represent 
the  same  case.  The  two  curves  agree  in  that  both  suggest  that, 
under  the  laws  of  chance,  cases  probably  will  occur  in  which 
the  degree  of  fever  and  its  duration  will  be  reduced  to  the 
vanishing  point  and  afebrile  dengue  will  result.  Had  such  a 
case  occurred  in  our  experiments  it  would  haVe  been  regarded 
as  a  negative  attempt  at  transmission  and  would  not  have  been 
included  among  the  forty-eight  successful  cases.  Therefore,  it 
becomes  of  interest  to  investigate  the  records  of  the  cases  re- 
garded as  unsuccessful  to  see  if  any  evidence  exists  in  them 
that  might  indicate  the  possibility  of  afebrile  dengue.  Such 
evidence  must  be  sought  among  the  records  of  men  bitten  by 
mosquitoes  known  to  have  been  infective,  or  at  least  by  mos- 
quitoes known  to  have  bitten  infected  individuals  a  sufficiently 
long  time  previously  to  have  rendered  the  insects  infective.  If  a 
man  bitten  by  such  mosquitoes  should  show  suspicious  symptoms 
after  the  usual  period  of  incubation,  and  on  later  inoculation  with 
infective  blood  should  prove  to  be  immune,  the  suspicion  of  an 
attack  of  afebrile  dengue  would  become  a  probability. 

Our  records  show  three  cases  of  this  type,  and  the  point  at 
issue  is  perhaps  of  sufficient  theoretical  importance  in  relation 
with  analogous  cases  in  other  infections  to  warrant  their  dis- 
cussion here. 

Judy,  Maurice  {A-A9,  A-56,  B-13). — This  man  had  been  in  the  Islands 
only  one  week.  After  the  usual  period  of  observation  he  was  bitten  by 
21  Aedes  infected  thirteen  days  previously,  on  the  first  day  of  dengue. 
Another  lot  of  mosquitoes  infected  from  the  same  case  (A-40),  at  the 
same  time,  proved  capable  of  transmitting  the  disease.  This  biting,  how- 
ever, was   ineffective.     Ten   days   later  he   was  bitten   by   19   mosquitoes 
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of  the  same  lot.  After  five  days  he  developed  headache,  sore  eyes  and, 
later,  a  white-cell  count  of  4,700,  with  58  per  cent  neutrophils  and  3S 
per  cent  lymphocjrtes.  A  later  attempt  to  infect  him  by  means  of  blood 
was  unsuccessful. 

Wilson,  D.  E.  {A-8Jf,  A-93,  A-99,  B-12)  .—This  man  had  been  bitten  by 
mosquitoes  infected  on  the  fourth  day  of  the  disease,  but  with  entirely 
negative  results.  Ten  days  later  he  was  bitten  by  five  **second-day  mos- 
quitoes" known  to  be  infective  (see  A-117).  After  six  days  he  had  head- 
ache and  his  eyes  appeared  red.  Temperature  reached  99.2°,  which  is 
without  significance  in  the  Tropics.  His  eyes  remained  sensitive  for  sev- 
eral days,  but  no  other  symptoms  developed.  He  then  received  subcuta- 
neously  0.5  cubic  centimeter  infected  blood,  but  the  disease  did  not  develop. 

Carroll,  E.  H,  (A-95,  A-109,  B-14)> — After  nine  days*  observation  in 
the  experimental  ward,  this  man  was  bitten  by  17  Aedes  mosquitoes,  in- 
fected nineteen  days  previously  from  an  experimental  case  one  and  a  half 
days  before  the  onset  of  symptoms;  the  result  was  negative.  Ten  days 
later  he  was  bitten  by  16  Aedes  mosquitoes,  infected  twenty-six  days 
previously  from  the  same  case,  then  only  a  half  day  before  onset.  These 
mosquitoes  had  been  shown  by  previous  successful  transmission  (see  A-96) 
to  be  infective.  After  five  days  he  complained  of  aching  in  knees,  shoulders, 
and  elbows,  but  was  without  fever.  On  the  following  day  it  was  noted  that 
his  food  was  without  taste.  The  next  day  "aches  all  over,  headache,  eyes 
sore  when  he  looks  down.  Still  no  fever."  The  succeeding  day  he  made 
no  complaint,  but  on  the  day  following  it  is  recorded  that  he  ached  all 
over.  Two  days  later  still  he  was  given  0.5  cubic  centimeter  of  citrated 
blood  from  A-111,  then  in  the  first  day  of  dengue,  with  entirely  negative 
results. 

These  observations  speak  for  themselves.  There  is  nothing 
convincing  per  se  in  the  observations  made  on  any  one  of  the 
three  cases ;  but,  taken  in  connection  with  the  known  inf ectivity 
of  the  mosquitoes  used,  with  the  subsequent  demonstration  of 
immunity,  and  with  the  probability  of  the  existence  of  afebrile 
dengue  as  suggested  by  the  curves  of  duration  and  intensity  of 
fever  in  the  positive  cases,  these  cases  may  perhaps  be  admitted 
as  evidence  tending  to  show  the  probability  of  dengue  without 
fever.  The  crucial  point  in  the  demonstration,  the  further  trans- 
mission of  the  disease  by  mosquitoes  infected  from  cases  of  this 
character,  is  lacking,  because  the  cases  were  regarded  as  entirely 
negative  at  the  time  and  the  experiments  in  progress  had  no 
relation  to  the  point  under  discussion. 

Character  of  the  temperature  curve. — The  typical  curve  of 
temperature  in  dengue  has  been  described  by  Major  Riley.  Cas- 
ual observation  of  a  number  of  clinical  cases  in  the  wards  of 
Sternberg  General  Hospital  had  convinced  us  that  the  disease 
as  manifested  in  Manila  shows  the  diphasic  temperature  of  the 
classical  description  only  rarely.  It  is  of  particular  interest  on 
that  account  to  note  that  of  our  forty-eight  cases,  nineteen,  or 
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40  per  cent,  showed  characteri.stic  ''saddle-back*'  temperature 
curves.  Fifteen  cases,  or  31  per  cent  of  the  group,  had  only  a 
single  wave  of  fever.  The  remaining  29  per  cent  showed  curves 
of  intermediate  types  which  might  be  described  as  '*near  saddle- 
back" or  as  suggestive  of  the  diphasic  curve.  The  common  oc- 
currence of  this  type  of  fever  curve,  compared  to  its  infrequency 
in  the  usual  run  of  dengue  as  seen  in  the  hospital,  calls  for 
comment.  Reference  to  the  fever  charts  of  our  cases  in  the 
Appendix  shows  that  in  many  cases  the  primary  wave  of  fever 
is  short-lived,  persisting  often  only  one  or  two  days.  The  mean 
duration  of  the  fever  in  the  experimental  cases  has  been  shown 
to  have  been  three  and  nine-tenths  days.  In  the  series  of  twenty- 
four  naturally  occurring  cases  tabulated  for  comparison,  none  of 
which  showed  a  characteristic  diphasic  temperature  curve,  the 
mean  duration  of  fever  after  admission  was  only  one  and  nine- 
tenths  days.  The  difference  of  two  days'  duration  between  the 
two  series,  otherwise  similar  in  all  respects,  would  seem  to  in- 
dicate that  the  average  case  was  not  admitted  to  the  hospital 
until  late  on  the  second  day  of  the  disease.  If  this  be  true  it 
is  evident  that  only  rarely  is  it  possible  to  observe  the  whole 
course  of  the  fever  in  such  cases,  and  the  failure  to  see  diphasic 
temperature  curves  is  explained. 

Certain  other  characteristics  of  the  fever  curve  may  be  noted 
in  passing.  Twenty-three  cases,  or  48  per  cent  of  the  group, 
showed  a  rapid  rise  of  temperature,  the  peak  of  the  curve  having 
been  reached  within  twenty-four  hours  of  onset.  In  the  re- 
maining 52  per  cent  the  rise  was  more  gradual.  In  five  of  the 
nineteen  cases  showing  a  definitely  diphasic  temperature,  the 
second  wave  reached  a  higher  point  than  did  the  first.  The  ter- 
mination of  fever  was  usually  by  a  rather  rapid  lysis,  one  and 
a  half  days  having  been  required  to  reach  a  permanent  normal. 
However,  three  cases  showed  a  definite  crisis,  the  fever  having 
fallen  to  normal  within  a  few  hours.  An  interesting  point  in 
this  connection  is  that,  for  several  days  following  defervescence, 
or  as  long  as  the  men  were  under  observation,  the  variations 
in  temperature  uniformly  observed  before  the  development  of 
dengue  were  no  longer  in  evidence;  the  temperature  remained 
almost  constant  between  98.0"^^  and  98.6'. 

The  eruptions. — Our  experimental  cases  afforded  an  unusual 
opportunity  for  the  study  of  the  eruptions  of  dengue,  especially 
of  the  primary  or  initial  rash.  It  is  frequently  the  case,  if 
indeed  it  is  not  the  rule,  that  a  patient  will  postpone  reporting 
to  his  physician  until  a  time  when  the  evanescent  initial  rash 
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has  disappeared.  The  evanescent  quality  of  the  initial  rash  has 
been  emphasized  frequently  by  writers  on  the  subject  and  is 
well  recognized.  The  fact  that  our  cases  were  all  closely  watched 
for  eruption  for  some  time  before  onset  enables  us  to  give  a 
fairly  accurate  account  of  the  incidence  and  character  of  the 
initial  rash.  However,  the  records  of  only  forty-seven  cases  are 
available  for  this  purpose,  as  in  one  the  record  of  the  case  after 
transfer  to  the  regular  hospital  ward  was  unfortunately  lost. 
Of  the  forty-seven  cases  five,  or  a  little  over  10  per  cent,  showed 
no  discoverable  initial  rash.  It  is,  of  course,  possible  that  still 
closer  observation  might  have  disclosed  an  eruption  in  some  of 
these.  In  three  cases  the  existence  of  rash  was  doubtful,  an 
erythematous  mottling  of  slight  degree  having  been  present,  but 
it  was  hardly  distinct  enough  to  be  convincing.  In  ten  cases 
the  initial  rash  is  recorded  as  definitely  present,  but  its  character 
is  not  described.  The  character  of  the  remaining  eruptions 
observed  varied  greatly,  from  one  case  that  showed  a  definite 
erythematous  flush,  to  cases  that  showed  intense  maculo-papular 
or  measleslike  rashes.  Seven  cases  showed  a  distinct  erythem- 
atous mottling;  eight,  a  more  diffuse  erythema.  Nine  cases 
showed  a  rash  described  as  macular  and  erythematous,  and  in 
two  the  eruption  at  onset  was  maculo-papular  and  in  two  measles- 
like. The  usual  points  of  election  for  the  location  of  these 
rashes  have  been  noted  by  Major  Riley.  It  may  be  significant 
that  there  is  a  tendency  for  the  initial  and  terminal  eruptions 
to  occur  in  general  on  the  same  parts  of  the  body.  Two  of 
our  cases  showed  a  very  transient  eruption.  In  nine,  on  the 
contrary,  there  was  only  one  eruption  which  lasted  throughout 
the  course  of  the  disease.  These  nine  included  the  maculo- 
papular  and  measleslike  initial  rashes,  the  type  of  which  resem- 
bles that  of  the  later  eruption.  This  peculiarity  of  the  eruption 
bore  no  relation  to  the  duration  of  the  fever  nor  to  the  shape 
of  the  fever  curve.  Four  of  the  cases  had  short  single-wave 
temperature  curves,  four  belonged  to  the  definitely  diphasic 
fever  group,  and  one  was  intermediate.  The  most  probable  ex- 
planation of  this  condition  seems  to  be  that  the  initial  rash 
persists  until  the  appearance  of  the  terminal,  and  that  the  two 
blend. 

If  the  nine  cases  described  above  are  to  be  regarded  as  exam- 
ples of  initial  eruption  only,  we  had  seventeen  cases  in  which 
the  terminal  eruption  failed  to  appear.  In  two  of  these  no  erup- 
tion was  observed  during  the  course  of  the  disease;  both  were 
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confirmed  by  further  transmission  of  the  virus.  In  six  the  ter- 
minal eruption  was  not  observed,  although  the  records  show  a 
short-lived  initial  eruption;  three  of  these  were  confirmed  by 
transmission.  Three  of  the  nine  cases  with  prolonged  initial 
eruption  having  the  general  characters  of  the  terminal  rash  were 
also  thus  confirmed.  Thirty  cases  showed  definite  terminal 
rashes.     These  facts  are  tabulated  in  Table  26. 

Table  26. — Data  with  regard  to  occurrence  of  rashes  in  dengue. 


Cases. 

Per  cent. 

No  rash  seen  at  any  time 

2 

7 

9 

6 

30 

23 

4 
15 

19 
13 
64 
49 

No  discoverable  initial  rash;  terminal  observed. 
Initial  rash   prolonged   several   days   and  no 
separate  terminal  rash 

Transient  initial  rash  with  no  terminal  rash 

Terminal  rash  seen 

Both  rashes  distinct  and  separate  . .  _   _ 

The  day  of  appearance  of  the  final  rash  in  the  thirty  cases 
that  showed  eruptions  which  may  be  definitely  classified  as  ter- 
minal is  as  follows:  Second  day,  2  cases;  third  day,  12;  fourth 
day,  7 ;  fifth  day,  6 ;  sixth  day,  3 ;  and  mean,  3.9  days.  The  mean 
time  of  appearance  of  the  terminal  rash  is  seen  to  coincide  with 
the  mean  duration  of  fever  in  the  whole  group.  Characteristic- 
ally, then,  the  appearance  of  the  terminal  rash  coincides  with 
the  final  fall  of  temperature,  and  a  note  to  that  effect  was  made 
in  a  great  many  of  the  cases.  This  rule,  however,  has  its  ex- 
ceptions, and  cases  were  observed  in  which  the  terminal  rash 
appeared  with  the  secondary  rise  of  temperature,  and  others  in 
which  the  appearance  of  the  eruption  was  delayed  several  days 
into  convalescence. 

In  twenty-seven  instances  the  terminal  rash  was  definitely 
described.  The  types  of  eruption  are  as  follows :  Erythematous, 
2  cases;  macular,  8;  maculo-papular,  10;  measleslike,  4;  scar- 
latinal, 2 ;  and  petechial,  1. 

The  average  duration  of  the  terminal  rash  was  two  and  seven- 
tenths  days.  In  the  more-marked  rashes,  disappearance  was 
often  followed  by  a  brownish  pigmentation  which  persisted  for 
some  time.  Owing  to  prompt  discharge  of  patients  and  their 
return  to  duty  on  recovery,  we  have  no  data  with  regard  to 
desquamation  in  our  experimental  series.  The  occurrence  of 
itching  in  connection  with  the  terminal  eruption  was  noted  in 
several  cases.  This  symptom  may  precede,  accompany,  or  fol- 
low the  eruption  and  often  persists  well  into  convalescence. 
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In  only  two,  or  4  per  cent,  of  our  cases  was  there  failure  to 
observe  an  eruption  some  time  during  the  course  of  the  disease. 
Six  cases  showed  initial  but  no  terminal  rash,  and  in  seven  the 
condition  was  reversed.  Twenty-three  showed  both  initial  and 
terminal  rashes  in  classical  manner.  In  nine  the  initial  rash 
persisted  throughout  the  disease,  and  in  type  resembled  the 
usual  terminal  eruption.  ^The  initial  rash  usually  proved  eva- 
nescent and  was  of  an  erythematous  character,  while  the  termi- 
nal rashes  were  of  longer  duration  and  frequently  showed  a 
papular  or,  in  one  case,  even  a  petechial  character  in  addition 
to  the  erythematous  flush.  Evidently  the  eruption  is  a  very 
variable  symptom,  requiring  careful  and  frequent  observation 
if  all  its  details  are  to  be  noted;  in  some  cases  it  may  fail  alto- 
gether to  develop. 

BLOOD 

There  is  general  agreement,  in  the  published  studies  of  the 
blood  findings  in  dengue,  that  there  are  no  characteristic  changes 
in  the  red  cells  and  the  haemoglobin,  on  ordinary  clinical  exam- 
ination. Certain  investigators  (Graham,  1903;  and  Eberle, 
1904)  believed  they  found  cell  inclusions  in  the  erythrocytes  and 
they  attributed  to  them  the  role  of  parasitic  cause  of  the  disease. 
Such  findings  are  more  fully  discussed  in  the  consideration  of 
the  specific  etiology  of  the  disease ;  they  have  so  far  lacked  con- 
firmation at  the  hands  of  others  than  the  original  discoverers. 
It  can  be  safely  said  that  nothing  of  diagnostic  interest  is  to  be 
found  on  examination  of  these  elements  of  the  blood  by  ordinary 
clinical  methods. 

There  is  equally  general  agreement  that  there  is  in  dengue 
a  diminution  in  the  number  of  circulating  leucocytes  and  that 
the  relative  proportion  of  polynuclear  neutrophiles  is  decreased 
whereas  that  of  the  lymphocytes  is  increased.  The  blood  studies 
made  on  the  series  of  experimental  cases  here  under  considera- 
tion amply  confirm  the  general  conclusions  reached  by  previous 
investigators.  However,  it  has  seemed  that  rarely  in  the  history 
of  the  investigation  of  disease  has  an  opportunity  comparable 
to  the  present  one  presented  itself  for  the  detailed  study  of  blood 
changes.  We  have  at  hand  not  only  the  series  of  white  counts 
made  during  the  course  of  the  induced  disease,  but  we  have  a 
corresponding  series  of  preliminary  counts  made  on  the  same 
individuals  while  under  close  clinical  observation  before  the 
disease  developed.  With  these  data  we  are  in  position  to  judge 
whether  or  not  there  was  a  reduction  in  the  count  in  a  given 
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individual  (below  what  is  habitual  with  him) ,  and  also  to  estab- 
lish a  "normal,"  or  control,  series  with  which  subsequent  series 
taken  during  the  disease  could  be  compared.  These  rather  un- 
usual conditions  have  made  it  seem  worth  while  to  subject  the 
figures  to  a  careful  analysis  in  the  hope  of  deducing  some  general 
relations,  or  "laws,''  which  might  be  of  value  not  only  in  the 
diagnosis  of  dengue  but  possibly  also  in  the  interpretation  of 
blood  counts  in  general. 

The  whole  value  of  such  a  study  is,  of  course,  very  largely  de- 
pendent on  the  care  with  which  the  individual  counts  were  made. 
The  counts  in  this  series  were  made  by  the  laboratory  force  of 
Sternberg  General  Hospital,  in  the  course  of  their  regular  rou- 
tine work.  For  the  establishment  of  the  differential  count  a 
minimum  of  200  cells  was  counted  and  the  officers  in  charge  of 
the  laboratory,  Maj.  Cyrus  B.  Wood  and  Capt.  Milner  H.  Eskew, 
both  of  the  Medical  Corps,  United  States  Army,  state  that  when 
the  results  of  the  first  two  consecutive  hundreds  of  cells  counted 
did  not  substantially  agree  a  greater  number  was  used.  Clinical 
pathologists  will  probably  agree  with  us  that  single  differential 
counts  are  frequently  misleading  and  difficult  to  interpret. 
However,  when  the  results  of  a  large  number  of  counts,  whether 
of  total  cells  or  of  differential  relationships,  arrange  themselves 
in  such  manner  that  they  can  be  plotted  out  in  a  characteristic 
frequency  curve,  in  the  same  manner  as  is  done  in  measuring 
any  other  biological  character,  there  is  strong  evidence  of  the 
substantial  accuracy  of  the  work  on  which  the  figures  were  based. 
The  curves  shown  in  figs.  18,  19,  and  20,  of  the  normal  and  den- 
gue blood  counts,  as  well  as  of  the  relationship  between  the  total 
count  and  the  differential,  are  grounds  for  the  exhibition  of 
great  confidence  in  the  care  with  which  the  counts  were  made. 

Normal  counts. — At  least  one  preliminary  count  of  leucocytes 
was  made  on  each  case  in  the  experimental  series.  In  most 
cases  more  than  one  count  was  made,  not  only  for  the  purpose 
of  furnishing  a  basis  for  comparison  with  later  counts  during 
the  induced  disease,  but  also  as  a  part  of  the  preliminary  clinical 
examination  intended  to  rule  out  any  men  who  presented  com- 
plicating conditions  that  might  interfere  in  the  subsequent  inter- 
pretation of  results.  In  all,  eighty-two  such  counts  were  made 
on  the  forty-eight  subjects  of  experiment  that  gave  positive  re- 
sults in  the  mosquito-transmission  experiments.  The  result  of 
these  counts  is  tabulated  in  Table  27,  in  the  form  of  a  frequency 
distribution. 
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Table  27. — Blood  counts  in  experimental  dengue  cases. 

White  blood  count.  Cases. 

4,000  to  4,999  3 

5,000  to  5,999  3 

6,000  to  6,999  15 

7,000  to  7,999  24 

8,000  to  8,999  23 

9,000  to  9,999  10 

10,000  to  10,999  1 

11,000  to  11,999  *             2 

12,000  to  12,999  1 


Total  82 

This  distribution  of  counts  plots  out  as  a  fairly  symmetrical 
frequency  curve,  and  can  fairly  be  treated  as  such  mathemat- 
ically. The  mean  value  of  the  v^hite  blood  count  in  this  series 
is  7,854;  the  median  value  7,812.  The  probable  error  of  the 
distribution  is  979;  that  is  to  say,  half  of  all  the  observations 
fall  within  979  on  one  side  or  the  other  of  the  mean.  It  can  be 
shown  that  if  any  observation  in  such  a  series  differs  from  the 
mean  by  more  than  three  times  the  probable  error  (P.E.)  the 
odds  are  21  to  1  against  its  being  the  result  of  chance  variation 
in  the  count.  In  other  words,  the  odds  are  21  to  1  in  favor  of 
the  assumption  that  some  factor  or  factors  other  than  those  that 
influence  the  main  body  of  the  distribution  have  intervened  to 
cause  such  a  wide  deviation  from  the  mean.  In  the  establish- 
ment of  a  normal  standard,  then,  a  truer  value  is  to  be  obtained 
by  excluding  from  consideration  those  values  which  are  found 
to  be  more  than  3P.E.  different  from  the  mean  of  the  distri- 
bution. Applying  this  correction  to  the  distribution  in  question 
excludes  all  the  counts  below  5,000  and  those  above  10,000,  seven 
in  all,  which  reduces  the  number  of  counts  tjiat  can  be  regarded 
as  normal  to  75.  These  limits  are,  of  course,  those  usually  re- 
garded by  clinical  pathologists  as  those  of  the  normal  count. 
Practically  two-thirds  of  the  values  fall  between  7,000  and 
9,000.  The  counts  were  made  during  the  forenoon,  several  hours 
after  the  regular  hospital  breakfast.  The  correspondence  of  the 
values  found  with  those  generally  accepted,  together  with  their 
distribution  in  a  fairly  symmetrical  "frequency  curve,"  is  ac- 
cepted as  satisfactory  evidence  of  the  substantial  accuracy  of  the 
counts  themselves,  and  makes  for  confidence  in  the  results  ob- 
tained in  the  subsequent  counts  made  •  during  the  course  of 
dengue. 

The  mean  value  of  the  series  of  normal  counts,  7,793,  after 
excluding  the  seven  cases  outside  the  3P.E.  limit  is  only  slightly 
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lower  than  that  of  the  original  series ;  the  median  value  of  7,812 
remains  unchanged. 

Counts  in  dengue  cases. — In  the  forty-eight  cases  of  mosquito- 
induced  dengue,  one  hundred  fifty-four  leucocyte  counts  were 
made  during  the  course  of  the  disease  and  early  convalescence, 
or  an  average  of  over  three  counts  per  case.  Of  these  forty- 
eight  cases  twelve,  or  25  per  cent,  failed  to  show  any  diminution 
in  the  number  of  circulating  leucocytes  when  compared  with 
their  own  preliminary  counts.  It  appears,  then,  that  leucopenia 
is  by  no  means  a  constant  or  necessary  feature  of  this  disease 
and  its  absence  cannot  be  regarded  as  negativing  the  diagnosis 
of  dengue.  In  the  study  of  the  counts  obtained  on  the  successive 
days  of  the  disease,  these  cases  are  included  in  the  averages. 

Counts  at  onset. — In  eleven  cases  white-blood  counts  were 
had  within  a  few  hours  of  the  first  appearance  of  symptoms,  and 
before  the  patient  had  been  transferred  to  the  regular  dengue 
ward  of  the  hospital.  The  average  value  of  those  eleven  counts 
was  7,750,  not  significantly  different  from  the  normal  mean. 
The  highest  count  observed  at  onset  was  13,500 ;  this  occurred 
in  a  patient  whose  two  preliminary  counts  had  been  below  10,000. 
The  lowest  count  at  onset  was  4,900.  Of  the  eleven,  two  showed 
counts  definitely  higher  than  those  before  the  disease  developed, 
and  two  showed  counts  definitely  lower.  The  number  of  cases 
is  far  too  small  to  provide  a  basis  for  a  general  statement,  but 
the  observations  suggest  that  normal  or  somewhat  increased 
numbers  of  leucocytes  found  in  counts  made  within  the  first  few 
hours  of  the  disease  are  not  incompatible  with  the  existence  of 
dengue. 

Subsequent  counts. — Excluding  the  eleven  counts  that  were 
taken  shortly  after  onset,  there  remain  one  hundred  forty-three 
counts  made  during  the  course  of  the  fever  or  in  early  convales- 
cence.    These  counts  are  tabulated  in  Table  28. 

Table  28. — White  blood  counts  in  dengue  {excluding  counts  made  at  onset). 


White  blood  cells. 


3,000  to  3,999_. 
4,000  to  4,999.. 
5,000  to  5,999. . 
6,000  to  6,999.. 
7,000  to  7,999.. 
8,000  to  8,999. . 
9,000  to  9,999.. 

Total..  . 
Median. 


Counts.  Per  cent. 


143 
5,811 


2 
18 
37 

25 
8 
5 

7 


100 
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These  results  are  plotted  in  fig.  18,  which  also  gives  for  com- 
parison the  curve  shown  by  the  normal  counts  after  the  exclusion 
of  the  curves  that  differ  more  than  3P.E.  from  the  mean.  It  is 
seen  from  this  chart  that  about  one-fourth  of  the  area  included 
below  the  curve  of  dengue  counts  falls  also  within  the  area  in- 
closed by  the  normal  curve — a  graphic  expression  of  the  fact 
already  noted  that  one-fourth  of  the  dengue  cases  failed  to  show 
leucopenia  at  any  stage  of  the  disease.  The  median  values,  how- 
ever, 5,811  and  7,812,  are  separated  by  2,000  points  on  the  scale. 
In  as  much  as  the  P.E.  of  each  of  these  averages  is  less  than  100 
it  is  seen  that  a  very  definite  leucopenia  characterizes  dengue. 
Only  2  per  cent,  however,  showed  values  below  4,000.  The 
application  to  this  series  of  the  rule  of  excluding  values  more 


Fig.  18.     Chart  showing  the  percentage  distribution  of  total  leucocytes  in  seventy-five  nor- 
mal cases  and  in  one  hundred  forty-three  cases  ojf  dtengue. 
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than  3P.E.  different  from  the  mean,  excludes  from  consideration 
counts  above  8,650.  It  can  be  said,  then,  that  if  error  in 
counting  and  the  presence  of  complications  causing  leucocytosis 
can  be  excluded,  the  odds  are  21  to  1  against  the  existence  of 
dengue  in  a  case  giving  a  count  materially  higher  than  that 
figure. 

In  the  counts  considered  separately  for  each  day  of  the  disease 
the  same  tendency  is  shown  as  for  the  series  taken  as  a  whole. 
The  values  found  outside  the  3P.E.  limit  are  usually  high,  and 
in  many  cases  the  study  of  the  clinical  records  yields  evidence  of 
septic  complications  justifying  their  exclusion  from  the  series. 
There  remain  one  hundred  thirty  counts  made  in  dengue  cases 
subsequent  to  the  onset.  Of  these,  twenty-eight  were  made 
during  the  first  day  of  the  disease,  thirty-six  on  the  second, 
thirty-one  on  the  third,  twenty-one  on  the  fourth,  nine  on  the 
fifth,  and  five  on  the  sixth.  The  small  number  of  counts  on  the 
fifth  and  sixth  days,  together  with  the  fact  that  in  the  majority 
of  such  cases  convalescence  was  well  established  at  the  time, 
renders  averages  on  these  later  days  of  little  value.  The  results 
for  counts  of  the  first  four  days  are  tabulated  in  Table  29.  Each 
day's  counts  were  first  grouped  separately  and  such  as  fell  out- 
side the  3P.E.  from  the  mean  for  the  day  were  excluded.  This 
resulted  in  throwing  out  four  counts  on  the  first  day,  two  on 
the  second,  and  one  each  on  the  third  and  the  fourth.  This 
suggests  that  the  results  of  counts  are  more  apt  to  show  incon- 
clusive results  on  the  earlier  days  than  when  made  later.  Table 
29  includes  only  those  remaining  after  the  exclusion  of  the 
aberrant  counts  and  therefore  better  represents  the  tendency  for 
the  day  than  do  the  uncorrected  figures. 

Table  29. — Dengue  counts   (excluding  those  at  onsets  and  those  deviating 
more  than  3P,E.  from  the  mean  of  the  day). 


White  blood  cells. 

Counts. 

First  day. 

Second  day. 

Third  day. 

Fourth  day. 

Total. 

3,000  to  3,999 

0 
2 
10 
8 
4 
2 
0 

1 
7 

14 
7 
2 
3 
0 

1 

5 

12 

10 

1 
1 
0 

1 
7 
8 
3 
2 
0 
0 

3 

4,000  to  4,999_ 

21 

5,000  to  5,999 

44 

6,000  to  6,999 

28 

7,000  to  7,999 

9 

8,000  to  8,999 

6 

9,000  to  9,999 

0 

Total.      . 

26 

6, 269^139 

6,125 

34 

5,823±137 

5,643 

30 

5,767±123 

5,750 

21 

5,404±150 

5,386 

111 

Mean 

5,833+71 

Median 

5,715 
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Of  the  nine  counts  made  on  the  fifth  day,  four  were  from 
patients  definitely  convalescent  at  the  time  the  count  was  made. 
They  varied  from  9,200  to  4,700.  One  with  a  temperature  of 
103°  was  4,300;  the  others  fell  between  5,000  and  7,000.  Of 
the  five  counts  made  on  the  sixth  day  of  the  disease,  two  patients 
had  slight  fever  at  the  time  of  the  count  and  all  counts  fell 
between  4,800  and  5,600. 

The  analysis  of  the  total  leucocyte  count  in  this  series  thus 
serves  to  confirm  the  results  of  Vedder  (1907)  and  of  Stitt 
(1913).  There  is  in  the  majority  of  cases  of  dengue  a  definite 
tendency  to  reduction  in  the  number  of  circulating  leucocytes, 
this  becoming  more  marked  and  more  constant  as  the  disease 
progresses  and  frequently  reaching  its  maximum  after  convales- 
cence is  well  established.  Our  work  adds  to  the  results  of  the 
authors  cited  only  the  assurance  of  exact  knowledge  of  the 
day  of  the  disease,  as  the  cases  were  all  under  observation  before 
the  onset.  Ordinary  spontaneous  cases,  on  the  contrary,  as  is 
shown  elsewhere,  frequently  fail  to  report  for  treatment  until 
the  second  or  third  day,  and  it  is  often  impossible  to  fix  the  time 
of  onset  with  accuracy.  The  degree  of  leucopenia  shown  in  our 
cases  is  much  less  than  that  reported  by  others,  notably  Stitt 
(1913),  who  found  3,200  as  the  average  value  in  one  hundred 
cases.  We  are  unable  to  explain  this  difference  in  results,  but 
feel  certain  that  our  figures  represent  an  unselected  series  of 
cases  of  varying  degrees  of  severity. 

In  addition  to  this  confirmation  of  the  fact  of  a  progressive 
leucopenia  in  dengue,  we  are  also  able  to  show  that  in  this  homo- 
geneous series  of  cases,  25  per  cent  failed  to  show  leucopenia 
at  any  stage  of  the  disease.  Moreover,  a  small  series  of  counts 
taken  within  a  few  hours  of  the  onset  suggest  that  at  that  early 
stage  of  the  disease  an  absence  of  leucopenia,  or  even  a  moderate 
increase  in  the  number  of  circulating  leucocytes,  is  not  incom- 
patible with  the  existence  of  dengue. 

There  were  one  hundred  thirty  counts  in  which  it  was  possible 
to  state  the  temperature  at  the  time  the  blood  was  taken  for 
examination.     These  cases  are  tabulated  in  Table  30. 

This  tabulation  fails  to  suggest  any  regular  correlation  be- 
tween the  temperature  at  the  moment  and  the  volume  of  the 
leucocyte  count.  The  four  counts  taken  when  the  temperature 
happened  to  be  above  103°  are  all  below  average,  but  the  table 
taken  as  a  whole  fails  to  show  any  correlation.  This  is  what 
would  naturally  be  expected  from  the  relation  previously  shown 
between  the  white  blood  count  and  the  duration  of  the  disease, 
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Table  30. — Relation  of  white  blood  count  to  temperature  at  time  of  count. 


White  blood  count. 

Sub- 
normal. 

98.0- 
98.9 

99.0- 
99.9 

100.0- 
100.9 

101.0- 
101.9 

102.0- 
102.9 

103.0- 
103.9 

104.0- 
104.9 

Total. 

3,000  to  3,999 

4,000  to  4,999 

5,000  to  5,999 

6,000  to  6,999 

7,000  to  7,999 

8,000  to  8,999 

Total  _ 

0 
0 
5 
0 
1 
0 

1 

7 
16 

7 
1 
4 

1 

10 

10 

8 

2 

0 

0 

0 

15 

9 

4 

1 

1 
3 
4 

7 
4 

1 

0 
0 

1 
0 
0 

0 
2 
0 
0 
0 
0 

0 
2 
0 
0 
0 
0 

3 

24 
53 
32 
12 
6 

6 
5,883 

36 
5,592 

31 
5,500 

29 
6,190 

20 
6,150 

4 
5,750 

2 
4.500 

2 

4,500 

130 

Mean 

in  as  much  as  many  if  not  most  of  the  counts  made  with  the 
lower  temperature  ranges  were  taken  late  in  the  disease  or  in 
convalescence.  This  correlation  failing,  an  attempt  was  made 
to  ascertain  whether  or  not  there  was  any  relation  between  the 
severity  of  the  attack,  as  indicated  by  the  highest  temperature 
recorded  during  its  course,  and  the  degree  of  leucopenia.  Of 
the  forty-eight  transmission  cases  studied,  two  were  excluded 
from  this  comparison ;  one  on  account  of  the  existence  of  a  septic 
complication  which  raised  the  count,  and  the  other  on  account  of 
the  loss  of  his  clinical  record.  The  tabulation  of  this  relation  is 
presented  in  Table  31. 

Table  31. — Relation  of  highest  temperature  observed  to  lowest  white 

blood  count. 


White  blood  count. 


99.0- 
99.9 


100.0- 
100.9 


101.0- 
101.9 


102.0- 
102.9 


103.0- 
103.9 


104.0- 
104.9 


Total. 


Mean. 


3,000  to  3,999. 
4,000  to  4,999. 
5,000  to  5,999. 
6,000  to  6,999. 
7,000  to  7,999. 
8,000  to  8.999. 

Total.. 
Mean. . 


3 
16 
20 
5 
1 
1 


101.8 
101.7 
101.8 
102.3 
101.5 
101.5 


1 
4,500 


4,750 


18 
5,720 


14 
5,429 


2 
5,000 


46 


4,500 


This  tabulation  fails  to  show  any  relationship  between  the 
severity  of  the  case  as  indicated  by  the  peak  temperature 
observed  and  the  degree  of  leucopenia.  It  suggests  that  the 
leucopenia  and  the  degree  of  temperature  are  dependent  upon 
different  factors  in  the  pathogenesis  of  the  disease.  There  is 
equal  failure  of  relationship  between  the  severity  of  the  disease, 
as  measured  by  the  duration  of  temperature,  and  the  degree  of 
leucopenia.     This  relationship  is  shown  in  Table  32. 
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TABLE  32. — Relation  of  duration  of  temperature  to  lowest  white  blood 

count. 


White  blood  count. 

Duration  in  days. 

Total. 

Mean. 

1 

2 

3 

4 

5 

6 

7 

3,000  to  3,999 

4,000  to  4,999 

5,000  to  5,999 

6,000  to  6,999 

7,000  to  7,999 

8,000  to  8,999 

Total - 

0 
1 
1 
0 
0 
0 

1 
4 
5 
0 
0 
1 

0 
5 
3 

1 
1 
0 

1 
4 
4 
0 
0 
0 

1 
1 
2 
4 
0 
0 

0 

4 
0 
0 
0 

0 

1 
0 
0 
0 

3 
16 

20 
5 
1 

1 

4.20 

3.25 

4.35 

5.1 

4.5 

2.5 

2 
5,000 

11 
5.227 

9 
5,055 

10 
5,160 

8 
5,650 

4 
5,500 

2 

5,000 

46 

Mean 

Failure  to  demonstrate  any  marked  relationship  between  the 
temperature  at  the  time  of  the  count,  the  highest  temperature 
observed  during  the  attack,  or  the  duration  of  the  attack  on  the 
one  hand,  and  the  degree  of  leucopenia  on  the  other,  is  perhaps 
surprising  and,  if  confirmed  by  further  studies,  would  tend 
strongly  to  indicate  that  the  reaction  of  the  leucocytes  is  to  a 
great  extent  individual  to  the  person  attacked. 

Differential  count— Yedder  (1907)  has  shown  that  the  per- 
centage of  polynuclear  neutrophiles  in  dengue  cases  becomes 
progressively  smaller  as  the  disease  progresses,  accompanied  by 
a  corresponding  increase  in  the  proportion  of  lymphocytes. 
The  differential  counts  made  in  the  course  of  this  study  serve 
to  confirm  arid  to  some  extent  amplify  his  results.  Starting 
with  the  knowledge  that  the  change  in  dengue  is  of  the  nature 
stated,  we  desired  to  obtain  a  single  figure  for  each  count  which 
would  represent  this  change  in  a  comparative  way.  For  this 
purpose  the  percentage  of  lymphocytes  observed  in  a  given  count 
was  divided  by  the  corresponding  percentage  of  polynuclear  neu- 
trophiles.    The  resulting  decimal  fraction  may  be  termed  a 

differential  ratio,  or  in  symbols  j^,  if  L  represents  the  per- 
centage of  lymphocytes  and  N  the  percentage  of  neutrophiles. 
This  ratio  is  merely  a  statistical  tool  to  afford  the  opportunity 
of  comparing  the  extent  of  the  differential  change  with  other 
variables  observed  in  the  study  of  the  cases.  If  this  ratio  be 
calculated  for  each  of  the  preliminary  counts  made  on  the  ex- 
perimental series,  and  the  counts  differing  from  the  mean  by 

more  than  3P.E.  be  excluded,  it  is  shown  that  the  values  of  ^^^ 
fall  between  0.300  and  0.600  with  a  mean  value  slightly  over 
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0.400  and  a  median  value  of  0.400.  More  than  two-thirds  of  the 
values  fall  between  0.300  and  0.450.  The  curve  of  frequencies 
of  this  ratio,  expressed  in  percentages  of  the  total  number  of 
counts,  is  shown  in  fig.  19. 


Fia  19.     Chart  showing  the  percentage  distribution  of  the  differential  ratio    —      in  normal 

and  in  dengue  counts. 

In  calculating  this  ratio  it  was  noticed  that  the  higher  values 

of  =^  tended  to   occur  with  the  lower   total   counts.     Accord- 

N 
ingly,  the  figures  for  the  two  series  were  arranged  in  the  cor- 
relation table,  Table  33. 

Table  33  at  once  suggests  a  definite  correlation  between  the 

two  sets  of  figures,  the  values  of  :^  rising  as  the  total  count 

becomes  lower.  Accordingly,  the  coefficient  of  correlation  was 
calculated  and  found  to  be  —  0.52  with  a  probable  error  of  0.058. 
This  coefficient  in  relation  to  the  extent  of  the  probable  error  is 
undoubtedly  of  statistical  significance,  and  it  may  be  safely 
stated  accordingly  that  there  is  a  distinct  tendency  for  the  values 

of  ^  to  rise  as  the  total  number  of  circulating  leucocytes  be- 
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Table  33. — Showing  the  relation  between  the  differential  ratio  ^  and 
the  total  leucocyte  count.    Normal  individuals.^ 


White  blood  count. 


5,000  to  5,999_ 
6,000  to  6,999. 
7,000  to  7,999. 
8,000  to  8,99 J. 
9,000  to  9,999. 

Total. . 
Mean... 


Differential  ratio. 


0.300- 
0.349 


11 

,500 


0.350- 
0.399 


25 
8,020 


0.400- 
0.449 


24 
7,792 


0.450- 
0.499 


5 
7,100 


0.  500- 
0.549 


7 
6,625 


Total. 
/ 


3 
15 
22 
22 
10 


Mean. 


0.525 
0.425 
0.414 
0.386 
0.365 


*  Excluding  all  values  differing  from  the  means  of  the  component  distributions  by  more 
than   3P.E. 

comes  smaller;  or,  in  other  words,  that  with  lower  leucocyte 
counts  there  is  a  distinct  tendency  to  a  reduction  in  the  neutro- 
phile  percentage  and  an  increase  in  the  proportion  of  lympho- 
cytes. The  curve  plotted  from  the  figures  given  in  Table  33 
is  shown  in  fig.  20.  The  values  for  counts  above  6,000  are  seen 
to  fall  in  a  practically  straight  line.     The  deviation  from  this  line 
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Fig.  20.     Chart  showing  the  relation  of  the  differential  ratio  ~  to  the  total  leucocyte  count  in 
normal  and  in  dengue  counts. 

of  those  for  counts  below  6,000  (only  seven  counts)  may  be  ac- 
cidental or  may  suggest  that  the  relationship  between  the  series 
is  not  linear,  but  is  best  represented  by  a  curve.     Accordingly, 
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Pearson's  correlation  ratio  was  calculated  and  this  method  gave 
a  figure  practically  identical  with  the  correlation  coefficient  given 
above,  namely  0.534  ±  0.057.  The  application  of  Blakeman's 
formula  gives  a  figure  which  indicates  that  the  relationship  be- 
tween the  total  and  the  differential  ratio  may  safely  be  regarded 
as  linear  within  the  normal  range  of  leucocyte  counts.  However, 
should  a  larger  number  of  normal  counts  show  a  similar  devia- 
tion from  the  line  of  the  value  for  the  counts  below  6,000,  the 
suspicion  might  well  be  entertained  that  the  line  for  still  lower 
values  of  the  white  blood  count  would  deviate  from  the  straight 
line  still  more. 

When  we  turn  to  the  differential  counts  made  on  dengue  cases 
subsequent  to  the  onset,  and  exclude  those  whose  total  count 
varied  more  than  3P.E.  from  the  mean  of  the  corresponding  daily 
distribution,  we  have  one  hundred  twenty-six  counts  made  at  all 
stages  of  the  disease.     The  results  of  these  counts  calculated 

as   ~-  ratios  are  shown  in  Table  34. 

N 

Table  34. — Relation  of    ^  to  total  leucocytes  in  one  hundred  twenty-six 
dengue  cases  at  all  stages  of  the  disease,  subsequent  to  onset. 


White  blood  count. 

3,000  to  3,999 

4,000  to  4,999 .. 

5,000  to  5,999 

6,000  to  6,999 

7,000  to  7,999_ 

8,000  to  8,999 

Total 


0 
0 
6 
20 
4 
2 


32 


27 


2 

10 

25 

2 

0 

0 


39 


3 
24 
52 
30 
11 

6 


0.683 
0.629 
0.  594 
0.470 
0.386 
>.416 


0.549 


L 

N 


The  mean  value  of    ^rf    for  all  the  dengue  counts  was,  thus, 


0.549,  over  three-quarters  of  the  values  falling  above  0.450, 
whereas,  as  already  stated,  over  two-thirds  of  the  normal-count 
values  fell  below  this  figure.  The  median  value  for  the  dengue 
counts  is  0.552.  This  distribution  of  values  for  dengue  cases, 
expressed  in  percentages,  is  plotted  in  fig.  20,  in  comparison  with 
the  corresponding  figures  for  the  normal  counts.  While  the 
difference  between  the  two  series  is  sufficiently  striking,  ref- 
erence to  fig.  19,  which  shows  the  corresponding  curves  for  the 
total  leucocjrte  counts,  will  convince  one  that  the  reduction  in 


29,1-2  Slier,  Hall,  and  Hitchens:  Dengue  207 

leucocytes  is  a  more  striking  and  characteristic  feature  of  the 
dengue  counts,  as  compared  with  the  normals,  than  is  the  dif- 
ferential change.  The  flatter  curve,  with  much  greater  average 
deviation  from  the  mean  of  the  series  shown  by  the  differential 
counts,  may  perhaps  be  evidence  of  a  lesser  degree  of  accuracy 
in  the  figures  themselves.  Most  students  of  the  subject  will 
agree  that,  in  general,  differential  counts,  unless  marked  varia- 
tions from  the  normal  are  shown,  are  valuable  only  when  large 
numbers  of  cells,  500  or  more,  are  counted.  This  usually  proves 
impracticable  in  a  busy  service.  The  scatter  of  these  values  as 
compared  with  those  of  the  total  counts  in  the  same  series  is  the 
more  remarkable  when  the  relation  between  them  and  the  total 
counts  is  considered. 

The  correlation  coefficient  calculated  from  Table  34  is 
— 0.65  :  0.035,  thus  showing  a  negative  correlation  between  the 
values  even  more  marked  than  that  of  the  normal  cases.  This 
relation  is  plotted  in  fig.  20  in  comparison  with  the  normals.  It 
is  seen  on  inspection  of  this  chart  that  the  relation  here  is  defi- 
nitely linear,  but  that  the  angle  to  the  x  axis  taken  by  the  line 
is  somewhat  greater  than  that  characterizing  the  normal  counts. 
The  deviation  of  the  lower  normal  counts  is  roughly  parallel  to 
the  line  of  the  dengue  counts.  This  is  in  line  with  the  sug- 
gestion made  above,  that  the  change  in  the  differential  relations 
may  prove  to  proceed  more  rapidly  in  the  case  of  values  of  the 
white  blood  counts  below  6,000  than  in  those  above  that  figure. 
The  confirmation  of  this  suspicion  must  await  the  study  of  a 
much  larger  series  of  cases. 

Our  figures  have  failed  to  show  any  confirmation  of  the  state- 
ments made  by  other  investigators  as  to  the  increase  in  the  per- 
centage of  eosinophiles  during  the  course  of  dengue.  However, 
as  the  counts  were  made  in  the  course  of  regular  hospital  routine, 
and  not  as  a  matter  of  research,  we  do  not  feel  justified  in  con- 
tending that  this  late  eosinophilia  does  not  occur.  The  percent- 
age of  eosinophiles  present  in  blood  is  so  small  that  a  large  number 
of  cells  must  be  counted  so  that  a  reliable  result  may  be  obtained. 
Furthermore,  Stitt  (1907)  based  the  diagnosis  of  dengue  from 
allied  conditions,  notably  influenza,  largely  on  the  results  of  dif- 
ferential counts.  He  found  that  in  the  earlier  days  of  the  disease 
there  was  an  increase  in  the  proportion  of  small  lymphocytes; 
that,  later,  large  lymphocytes  predominated;  and  that  these,  in 
turn,  were  replaced  by  large  mononuclear  and  transitional  cells. 
Such  change  he  regarded  as  following  the  developmental  cycle 
of  the  mononuclear  cell  through  youth,  maturity,  and  old  age 


208  The  Philippine  Journal  of  Science  1926 

and  degeneration.  It  is  believed  that  the  later  tendency  in  lab- 
oratory practice  is  to  do  away  with  the  somewhat  arbitrary 
distinction  between  large  and  small  lymphocytes,  while  the  large 
mononuclear  and  transitional  cells  are  now  believed  to  have  an 
origin  entirely  distinct  from  the  origin  of  the  lymphocytes. 
These  considerations  led  us  to  concentrate  attention  on  the  va- 
rying relations  of  the  neutrophiles  and  the  lymphocytes  taken 
as  a  whole,  no  other  interesting  changes  having  been  observed. 
From  the  practical  standpoint,  the  interesting  thing  shown 
by  this  analysis  of  the  present  figures  appears  to  be  that,  in 
general,  the  differential  count  in  normal  cases  and  in  dengue 
cases  is  a  function  of  the  total  count.  As  the  total  count  be- 
comes smaller  there  is  a  diminution  of  the  proportion  of  neutro- 
philes and  an  increase  in  that  of  the  lymphocytes,  the  changes 
bearing  a  definite  relation  to  the  degree  of  change  in  the  total 

count.     The  differences  between  the  mean  values  of  ^  in  nor- 

N 

mal  and  in  dengue  counts  that  fall  within  the  range  of  white 
blood  counts  common  to  the  two  series  is  not  significant  and, 
therefore,  so  far  as  this  study  goes,  the  differential  count  would 
appear  to  be  of  little  value  in  the  diagnosis  of  dengue  as  com- 
pared with  the  estimation  of  the  total  number  of  leucocytes. 
It  seems  possible  that  analysis  of  the  differential  relations  in  a 
much  larger  series  of  known  normal  individuals,  together  with 
comparison  with  counts  above  as  well  as  below  norr^al,  might 
bring  out  interesting  relations  and  perhaps  add  to  the  definite- 
ness  of  our  interpretation  of  differential  counts. 

Other  symptoms. — The  tendency  to  disproportionate  slowness 
of  the  pulse,  as  compared  to  the  elevation  of  temperature,  has 
already  been  mentioned.  This  symptom  was  observed  in  the 
majority  of  our  cases.  Ordinary  ward  observations  of  pulse 
are  probably  not  as  satisfactory  as  those  of  temperature,  as  it 
often  happens  that  the  pulse  is  counted  under  conditions  which 
cause  temporary  acceleration.  This  accounts  for  the  great  irreg- 
ularity seen  in  some  of  the  curves  of  pulse  rates.  The  usual 
observation,  however,  was  to  note  a  distinct  relative  slowing  of 
the  pulse  after  the  first  day.  With  the  onset  of  fever  the  pulse 
usually  rose  about  as  would  be  expected  in  any  other  infection. 
In  cases  of  several  days'  duration  it  was  the  rule  to  find  the 
pulse  dropping  to  normal  or  below  while  the  temperature  re- 
mained elevated.  This  was  particularly  noticeable  in  the  cases 
showing  diphasic  temperature  curves;  in  these  it  was  usual  to 
note  a  failure  of  the  pulse  to  rise  at  all  with  the  secondary  ele- 
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vation  of  temperature.  Pronounced  bradycardia  was  frequent 
during  the  early  days  of  convalescence. 

The  blood  pressure  was  taken  with  onset  in  the  majority  of 
cases.  The  average  systolic  pressure  was  110.  The  subjects 
were  all  young  men,  and  in  the  Islands  there  is  a  distinct  ten- 
dency to  reduction  of  blood  pressure,  as  is  shown  in  the  figures 
collected  during  the  annual  physical  examinations  of  officers. 
This  figure,  therefore,  does  not  represent  a  reduction  of  pressure 
with  the  onset  of  the  disease,  but  does  indicate  that  there  is  no 
tendency  to  increase  of  tension  in  the  early  days  of  dengue,  such 
as  is  frequent  in  sthenic  fevers. 

Albuminuria  of  slight  degree  was  observed  in  two  of  our 
cases,  once  accompanied  by  granular  casts.  The  condition  was 
transient  in  both.  Neither  jaundice  nor  hsemorrhage  occurred 
in  our  cases. 

In  considering  the  symptoms  described  one  is  impressed  with 
the  large  proportion  that  may  reasonably  be  attributed  to  in- 
volvement of  the  central  nervous  system.  Of  these  headache, 
postorbital  pain,  loss  or  perversion  of  the  sense  of  taste,  vertigo, 
and  mental  depression  form  a  group  characterizing  a  majority 
of  the  cases  and  very  evidently  of  central  origin.  The  initial 
rash  with  its  evanescent  character  may  easily  also  be  of  central 
nervous  mechanism.  Major  Riley's  observation  of  the  relief  of 
symptoms  on  lumbar  puncture  is  in  line  with  this  idea.  The 
other  distinctive  symptoms — fever,  adenopathy,  and  the  changes 
in  the  leucocyte  count — are  what  we  should  expect  to  charac- 
terize a  blood  infection.  Dengue,  therefore,  appears  to  be  an 
infection  of  the  blood  stream  with  toxic  symptoms,  involving 
especially  the  central  nervous  system.  This  conclusion  is  con- 
firmed by  the  description  of  the  post-mortem  pathology  of  the 
disease  given  above. 

SUMMARY 

Comparison  of  the  symptomatology  of  our  experimental  eases 
with  the  description  of  the  disease  given  by  Major  Riley  and 
with  the  symptomatology  of  the  parallel  series  of  cases  occurring 
naturally  during  the  period  of  our  experiments  gives  convincing 
evidence  that  the  virus  with  which  we  were  dealing  was  in  fact 
that  of  dengue. 

The  exceptional  opportunity  for  clinical  study  of  a  series  of 
forty-eight  cases  of  dengue  has  allowed  us  to  make  exact  obser- 
vations on  several  points  of  interest. 
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1.  Individual  cases  of  dengue  vary  greatly  in  severity  of  sub- 
jective symptoms,  intensity  and  duration  of  fever,  and  almost 
all  other  clinical  manifestations. 

2.  Certain  cases  in  our  series  were  so  mild  that,  in  the  absence 
of  confirmation  of  diagnosis  by  further  transmission  of  the  vi- 
rus, their  inclusion  in  the  series  might  well  appear  questionable. 

3.  The  curves  showing  the  frequency  of  cases  of  varying  du- 
ration and  varying  intensity  of  fever  suggest  that  dengue  cases 
may  occur  in  which  fever  is  absent.  Three  cases,  classified  as 
negative  in  our  experimental  series,  but  showing  suspicious 
symptoms  after  inoculation,  offer  further  suggestive  evidence  to 
the  same  effect.  No  such  cases  were  confirmed  by  transmission 
experiments,  but  it  is  our  belief  that  afebrile  dengue  may  occur, 
even  in  totally  unprotected  individuals,  and  that  it  may  be  a 
considerable  factor  in  the  spread  of  the  disease. 

4.  The  onset  of  dengue  appears  to  be  less  abrupt  than  is  usual- 
ly believed.  Sixty-five  per  cent  of  our  cases  showed  prodromes 
lasting  from  six  to  forty-eight  hours  before  the  initial  rise  of 
temperature. 

5.  Adenopathy  is  shown  to  be  present  in  the  vast  majority 
of  cases  at  onset,  and  should  prove  a  valuable  differential  point 
in  diagnosis.  Loss  or  perversion  of  the  sense  of  taste  is  also 
a  valuable  early  symptom. 

6.  The  shortest  period  of  incubation  noted  in  our  series  was 
four  and  a  quarter  days,  the  longest  ten.  The  average  period 
of  incubation  was  slightly  over  six  days.  Periods  much  longer 
than  ten  days  are  shown  to  be  extremely  improbable. 

7.  The  average  maximum  temperature  reached  during  the 
course  of  an  attack  was  just  less  than  102°  F.  The  average 
duration  was  three  and  three-tenths  days.  Forty  per  cent  of 
the  cases  had  definite  "saddle-back,"  or  diphasic,  fever  curves; 
29  per  cent  had  curves  suggestive  of  the  diphasic  type ;  the  re- 
maining 31  per  cent  had  simple  single-wave  curves.  The  rela- 
tive rarity  of  the  diphasic  curve  in  spontaneous  cases  is  shown 
to  be  due  to  the  fact  that  they  come  under  observation  too  late 
for  the  early  fever  to  be  noted. 

8.  The  leucocyte  count  is  not  a  dependable  early  symptom,  as 
counts  taken  within  a  few  hours  of  onset  show  great  variation 
and  average  about  normal.  With  the  progress  of  the  disease 
the  total  leucocyte  count  is  reduced,  the  mean  for  the  first  four 
days  becoming  progressively  less.     However,  25  per  cent  of  our 
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cases  failed  to  show  a  leucopenia  at  any  time  during  the  course 
of  the  disease. 

9.  The  so-called  "reversal''  in  the  differential  count,  the  re- 
duction of  the  percentage  of  polynuclear  neutrophiles  and  cor- 
responding increase  of  lymphocytes,  is  shown  to  be  a  function 
of  the  total  count,  both  in  normal  and  in  dengue  cases.  Dengue 
cases  showing  normal  total  counts  do  not  show  the  differential 
change.  The  differential  count  of  the  white  cells  is  thus  seen  to 
be  of  little  diagnostic  value  in  comparison  with  the  total  count. 

10.  The  degree  of  leucopenia  appears  to  be  independent  of 
the  temperature  at  the  time  the  count  was  made,  and  also  of  the 
severity  of  the  disease  as  judged  by  the  highest  temperature 
reached  during  the  attack,  or  by  the  duration  of  fever. 

11.  In  only  two  cases,  or  4  per  cent,  was  it  impossible  to  dem- 
onstrate an  eruption  at  some  period  of  the  disease.  The  initial 
rash  failed  of  discovery  in  seven  cases.  In  half  the  cases,  both 
rashes  were  observed,  separate  and  distinct.  In  nine,  the  early 
rash  persisted  throughout.  The  type  of  rash  bore  no  relation 
to  the  character  or  duration  of  the  temperature  curve.  The 
terminal  rash  appeared  as  a  rule  at  the  end  of  the  febrile  period, 
but  this  rule  is  subject  to  considerable  variation. 

12.  Toxic  involvement  of  the  nervous  system  is  a  prominent 
feature  of  the  symptomatology  of  dengue. 

IMMUNITY 

With  recovery  from  dengue  the  patient  possesses  a  degree  of 
immunity  to  the  infection  which  is  decidedly  individual  in  char- 
acter. Convalescence  is  evidence  that  the  immunizing  forces 
of  the  body  have  successfully  performed  their  function  of  over- 
coming the  invading  disease-producing  agents.  The  permanence 
of  such  changed  reactivity  of  the  body  tissues  and  fluids  to  the 
dengue  virus  is  variable,  however,  and  the  reason  therefor  is  not 
apparent.  In  some  persons  the  refractory  period  is  habitually 
brief,  and  two,  three,  or  even  four  attacks  may  succeed  one  an- 
other before  a  sufficiently  potent  and  durable  immunity  has  been 
built  up  to  insure  freedom  from  further  severe  attacks.  Other 
persons  suffer  but  one  attack  recognizable  as  such,  notwith- 
standing subsequent  exposure  in  epidemic  seasons,  and  a  few 
individuals,  even  from  nonendemic  areas,  seem  to  be  naturally 
immune  to  dengue.  With  regard  to  natural  immunity,  the  pos- 
sibility cannot  be  ruled  out  by  the  evidence  at  hand  that  some 
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individuals,  especially  those  permanent  residents  in  areas  of 
dengue  endemicity  who  seem  to  be  naturally  immune,  maintain 
their  resistance  only  through  mild,  usually  unrecognized  attacks, 
beginning  probably  in  infancy.  It  has  been  suggested  that  the 
relatively  low  degree  of  immunity  following  dengue  results  from 
the  fact  that  the  disease  runs  a  short  course  and  has  no  death 
rate.  Not  even  analogy  can  be  brought  to  the  support  of  this 
hypothesis. 

There  is  a  vast  difference  in  susceptibility  to  dengue  infection 
between  those  persons  (except  infants  and  young  children)  com- 
ing to  an  area  of  endemicity  from  a  dengue-free  district  and 
those  who  have  always  lived  in  dengue  territory.  Intermediate 
between  these  groups  are  natives  of  localities  like  some  in  the 
southern  United  States  where  dengue  is  not  endemic  but  is  pe- 
riodically epidemic.  Infants  and  young  children  do  not,  of 
course,  show  such  differences,  at  least  not  to  the  same  extent 
as  do  adults. 

It  was  with  a  knowledge  of  the  published  statements  concern- 
ing repeated  attacks  in  the  same  individuals  that  we  undertook 
to  obtain  definite  information  with  regard  to  the  permanence 
and  solidity  of  the  immunity  which  follows  one  attack  of  dengue 
and  that  resulting  from  more  than  one  attack.  We  have  been 
able  also  to  investigate  the  immunity  in  natives  of  the  Philip- 
pine Islands. 

This  research  has  been  made  in  two  ways.  The  first  may  be 
called  epidemiological,  or  statistical,  and  was  made  through  the 
collection  and  analysis  of  data  pertaining  to  the  incidence  and 
recurrence  of  dengue  among  American  troops  stationed  in  Ma- 
nila. The  second  was  experimental,  and  was  based  upon  the 
results  of  subcutaneous  injections  of  dengue  virus  into  volun- 
teers. There  were  two  groups  of  volunteers.  The  first  con- 
sisted of  individuals  known  to  have  had  a  previous  attack  of 
dengue  at  a  definite  date,  and  injections  were  made  to  ascertain 
whether  or  not  they  still  possessed  acquired  immunity  at  the 
time  of  the  injection.  The  second  series  of  volunteers  so  in- 
jected were  native  Filipino  soldiers,  aijd  the  purpose  was  to  ob- 
tain information  with  regard  to  their  so-called  natural  immunity. 

STATISTICAL 

First  epidemiological  study. — The  epidemiological  survey  of 
dengue  among  American  troops  stationed  in  Manila,  discussed 
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in  another  section  of  this  report,  permitted  the  hope  that  evi- 
dence could  be  obtained  from  the  same  data — with  certain  other 
figures  from  the  original  sources — concerning  attack  rate,  re- 
lapses, and  recurrences  of  dengue  among  the  individuals  of  those 
same  groups.  In  other  words,  we  felt  that  a  study  of  these 
groups  mifeht  give  us  fairly  accurate  information  upon  the  rel- 
ative susceptibility  and  immunity  of  the  average  American 
soldier  in  Manila  under  natural  conditions  as  distinguished  from 
the  more  or  less  artificial  conditions  of  the  experimental  study 
of  immunity,  then  well  under  way.  We  tabulated  the  infor- 
mation available  in  such  a  way  as  to  show,  as  far  as  possible, 
what  we  were  seeking.  The  tables  gave  the  initials,  rank,  and 
organization  of  each  of  the  dengue  patients  who  had  suffered 
more  than  one  attack  in  the  years  1922,  1923,  and  1924,  the 
dates  of  initial  attacks  and  of  subsequent  attacks,  and  the  in- 
tervals between  attacks. 

The  tabulation  showed  immediately  that  serious  errors  would 
be  included  if  we  made  percentage  deductions  from  it,  for  the 
reason  that  the  groups  were  not  homogeneous.  In  the  first 
place,  the  regular  tour  of  duty  in  the  Philippine  Islands  is  two 
years.  A  few  men  apply  for  and  receive  extension  of  time  to 
three  years ;  a  few  reenlist  and  stay  longer.  None  of  the  indi- 
viduals of  these  groups,  however,  were  permanent  residents  of 
the  Philippine  Islands,  and  the  great  majority  returned*  to  the 
United  States  about  two  years  after  their  arrival  in  the  Phil- 
ippine Department.  Then,  those  who  had  their  initial  attack 
in  1922,  and  passed  through  the  epidemic  season  of  the  two  sub- 
sequent years,  had  more  opportunity  to  become  infected  than 
did  those  who  had  their  initial  attack  in  1924.  Complicating 
the  matter  still  further  is  the  fact  that  some  of  those  who  had 
attacks  in  1922  and  1923  left  for  home  before  the  next  dengue 
season.  Furthermore,  any  attempt  to  obtain  accurate  estimates 
concerning  the  prevalence  of  dengue  is  complicated  by  the  fact 
that  mild  attacks  are  never  recorded ;  only  in  those  who  are  ill 
enough  to  be  sent  to  the  hospital  is  the  condition  definitely  diag- 
nosed as  dengue,  and  recurrences  are  a  little  more  likely  than 
initial  attacks  to  be  mild.  We  have  in  this  a  factor  which  re- 
duces the  absolute  as  well  as  the  comparative  accuracy  of  any 
such  statistical  study. 

A  suggestion  does  seem  to  have  been  obtained  with  regard 
to  the  great  variation  in  the  intervals  between  attacks ;  this  de- 
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pends  partly  on  chance  infection  and  partly  also,  we  believe,  on 
differences  in  the  duration  of  the  acquired  immunity.  We  feel, 
therefore,  that  this  first  epidemiological  study  contains  infor- 
mation from  which  the  inference  can  be  drawn  that  the  degree 
of  resistance  acquired  by  an  attack  of  dengue  is  exceedingly 
variable  in  character  and  diminishes  to  a  point  whef  e  it  is  no 
longer  effective  at  a  rate  that  bears  no  consistent  relationship 
with  any  factor  known  to  us. 

Second  epidemiological  study. — After  the  first  epidemiological 
study  had  been  completed  and  its  value  and  limitations  as- 
certained, we  did  not  feel  satisfied  that  we  had  exhausted  the 
possibilities  of  our  resources.  Accurate  and  adequate  records 
are,  of  course,  on  file  concerning  all  the  official  movements  of 
every  soldier  in  the  department,  but  their  total  volume  is  such 
that  searching  through  them  to  obtain  accurate  information 
concerning  the  average  applicability  of  a  single  factor  may  be 
so  monumental  a  task  as  to  make  the  process  practically  im- 
possible or  unprofitable.  It  becomes  necessary,  therefore,  so 
to  plan  such  an  investigation  that  a  reasonable  amount  of  time 
will  be  productive  of  results.  We  felt  there  should  be  a  method, 
even  under  these  circumstances,  by  which  epidemiological  evi- 
dence of  immunological  interest  might  be  elicited  from  the  rec- 
ords available,  free  from  the  errors  that  are  due  to  the  frequent 
shifting  of  military  personnel — errors  not  entirely  eliminated 
from  the  first  study,  as  already  noted.  The  following  plan  was 
finally  evolved : 

From  the  records  of  the  Thirty-first  Infantry  we  took  the 
'  cases  of  a  group  of  men,  picked  carefully  to  eliminate  all  whose 
assignment  or  transfer  would  complicate  the  problem  of  obtain- 
ing true  statistical  data  concerning  the  experience  with  dengue 
of  the  average  soldier  coming  to  Manila  from  the  United  States. 
First,  we  selected  only  those  who  had  their  initial  attack  of 
dengue  between  July  1,  1922,  and  June  30,  1923.  From  this 
group  all  were  then  eliminated  except  those  who  were  first  at- 
tached to  the  organization  on  or  after  January  1,  1922,  and  the 
records  of  all  those  who  went  home  earlier  than  December  31, 
1923,  were  discarded.  The  period  of  observation  ended  De- 
cember 31,  1924.  All  except  a  very  few  of  these  men  had  come 
from  the  United  States  on  a  recent  transport.  Before  joining 
their  companies,  they  were  held  as  casuals  for  a  few  days,  as 
a  rule.    It  is  interesting  to  note  that  several  of  them  were  in- 
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f ected  during  their  period  as  casuals  and  came  down  with  dengue 
within  a  day  or  two  after  being  "picked  up''  on  their  company 
rosters.  They  could  not  have  passed  through  an  attack  of  dengue 
and  recovered  from  it  during  this  interval.  We  have  secured, 
then,  a  group  of  men  who  had  their  initial  attack  within  a  definite 
year ;  they  could  not  have  been  exposed  to  dengue  for  more  than 
six  months  before  and  they  remained  in  their  organization  for 
at  least  six  months  subsequent  to  their  original  attack.  Each 
individual  in  the  group  was  exposed  to  dengue  through  at  least 
one  more  season  of  epidemicity.  Furthermore,  this  group  is  so 
related  to  the  entire  organization  to  which  it  belongs  that  it  is 
possible  to  make  mathematical  comparisons  that  possess  a  high 
degree  of  accuracy. 

Reference  to  Table  14  shows  that  in  this  period  the  average 
strength  of  the  Thirty-first  Infantry  was  one  thousand  eighty- 
six.  During  the  year  concerned  in  this  study  the  Thirty-first 
Infantry  had  five  hundred  sixty-two  cases  of  dengue.  We  found 
complete  and  satisfactory  records  of  all  except  twenty-eight; 
therefore,  for  comparative  purposes  we  must  reduce  the  average 
strength  and  the  total  number  of  cases  by  5  per  cent  (twenty- 
eight  being  5  per  cent  of  562),  giving  us  one  thousand  thirty-two 
as  the  adjusted  average  strength,  and  five  hundred  thirty-four 
as  the  adjusted  total  cases. 

Records  were  obtained  of  four  hundred  twenty-one  initial 
attacks  during  the  period ;  but,  because  of  necessary  eliminations 
resulting  from  assignments  to  the  organization  earlier  than  Jan- 
uary 1,  1922,  or  for  some  other  reason,  only  two  hundred  nine- 
ty-nine (71  per  cent)  of  these  could  be  accepted  for  our  present 
purposes.  Thus,  29  per  cent  of  the  total  first  attacks  were  dis- 
carded in  order  that  the  corresponding  percentage  could  be 
calculated  of  those  exposed  who  had  first  attacks  during  these 
months;  the  total  strength  is  likewise  reduced  to  71  per  cent, 
giving  us  seven  hundred  thirty-three.  Therefore,  of  the  seven 
hundred  thirty-three  individuals  exposed  to  dengue  in  the  year 
beginning  July  1,  1922,  there  were  two  hundred  ninety-nine 
first  attacks ;  that  is,  40  per  cent  of  the  exposed  population  had 
initial  attacks  of  dengue  in  this  period.  Of  the  two  hundred 
ninety-nine  who  had  their  first  attack  during  this  year,  two 
hundred  had  no  recurrences  up  to  December  31,  1924. 

A  study  of  the  attack  rate  and  recurrences  tabulated  gives 
us  the  results  shown  in  Table  35. 
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Table   35. — Percentages  of   attack  and  recurrence   in  dengue. 

Patients  exposed  who  had  one  attack  40 
Patients  attacked  who  had  at  least  one  recurrence  33 
Patients  who,   having  had  two  attacks,   suffered   sub- 
sequent attacks  14 
Patients  who,  having  had  three  attacks,  suffered  sub- 
sequent attacks  7 

We  believe  these  figures  represent  fairly  accurately  the  ex- 
perience with  dengue  of  the  average  American  soldier  coming  to 
Manila  for  a  period  of  two  years.  On  the  basis  of  these  results, 
and  rounding  the  figures  off,  we  may  say  that  under  military 
conditions  in  Manila,  40  per  cent  of  newly  arrived  troops  are 
likely  to  acquire  dengue  within  about  a  year;  30  per  cent  of 
these  may  expect  a  recurrence ;  those  who  have  had  two  attacks 
are  more  immune  and  only  15  per  cent  of  them  will  have  another ; 
of  the  few  who  have  had  three  attacks  before  their  departure 
for  home,  only  7  per  cent  will  be  likely  to  experience  another 
attack  severe  enough  to  be  diagnosed  as  dengue.  The  percent- 
age of  recurrences  would  naturally  be  higher  if  the  period  of 
residence  here  were  longer  than  two  years.  Table  36  shows 
that  50  per  cent  of  those  who  had  three  and  four  attacks  of 
dengue  had  been  here  longer  than  two  years. 

Detailed  ^results  of  the  second  epidemiological  study  are  given 
in  Tables  36  and  37. 

The  exact  dates  of  arrival  (this  means,  at  the  company — a 
few  days,  as  a  rule,  subsequent  to  arrival  in  Manila)  and  dates 
of  attack  (and  in  every  case,  the  first  was  the  initial  attack 
of  that  individual)  are  given,  in  order  that  those  interested 
may  see  the  time  of  year  in  which  the  attack  occurred.  This 
makes  it  possible  to  check  these  tables  with  the  correspond- 
ing part  of  the  section  on  Epidemiology.  The  figures  of  greatest 
interest  are  those  of  the  intervals  elapsing  between  arrival  and 
attack,  between  attacks,  and  between  the  last  attack  and 
departure. 

In  the  case  of  the  two  hundred  soldiers  of  the  Thirty-first 
Infantry  who  had  only  one  attack,  we  have  thought  it  sufficient 
to  condense  the  results  to  a  summary  of  the  intervals  between 
arrival  and  attack  and  between  attack  and  departure.  This 
summary  is  given  in  Table  38. 
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TABLE  SS,— Dengue  in  Thirty- first  Infantry^  1922,  1923,  and  192^;  soldiers 
who  had  one  attack  without  recurrence. 

1.  Interval  between  arrival  and  attack  and  number  of  soldiers  who  had 

dengue  after  the  interval. 

Soldiers  having 

Interval    between  dengue    after    the 

arrival  and  attack.  IntervaL 

Days. 

1  to  7  3 

7  to  10  1 

10  to  15  5 

15  to  20  4 

20  to  25  5 

25  to  30  6 

30  to  35  3 

35  to  40  5 

40  to  45  5 

45  to  50  4 

50  to  60  4 

60  to  70  2 

70  to  80  2 

80  to  90  3 

90  to  100  9 

100  to  120  19 

120  to  140  10 

140  to  160  16 

160  to  180  8 

180  to  200  19 

200  to  225  16 

225  to  250  10 

250  to  300  16 

300  to  350  6 

350  to  400  8 

400  to  450  4 

450  to  500  6 

500  to  525  1 


Total  200 
2.  Interval  between  attack  and  departure  and  numbers  attacked. 

Interval  between  ^  ,,.                   ,     , 

attack  and  depar-  Soldiers    attacked, 
ture. 

Dajrs. 

180  to  200  1 

200  to  250  6 

250  to  300  9 

300  to  350  3 

350  to  400  8 

400  to  450  16 

450  to  500  25 

500  to  550  23 
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Table  38. — Dengue  in  Thirty -first  Infantry,  1922,  1923,  and  192U;  soldiers 
who  had  one  attack  without  recurrence — Continued. 

Interval   between 
attack  and  depar-  Soldiers    attacked, 

ture 

Days. 

550  to  600  25 

600  to  650  26 

650  to  700  24 

700  to  750  11 

750  to  800  7 

800  to  850  15 

850  to  875  1 


Total  200 

Table  39,  which  concerns  those  who  had  two  attacks,  is  a 
summarization  similar  to  that  of  Table  38. 

Table  39. — Dengue  in  Thirty -first  Infantry,  1922,  1923,  and  192U;  soldiers 
who  had  one  recurrence, 

1.  Interval  between  arrival  and  first  attack  and  numbers  attacked  after 
the  interval. 
T„+«^,r«i      ix«*«,--^  SoMiers  havingr 

arrival  and  attack.  intervaL 
Dasrs. 

1  to  10  5 

10  to  15  6 

15  to  20  4 

20  to  25  6 

25  to  30  0 

30  to  35  2 

35  to  40  5 

40  to  45  8 

45  to  50  2 

50  to  60  8 

60  to  70  1 

70  to  80  0 

80  to  90  1 

90  to  100  2 

100  to  120  9 

120  to  140  3 

140  to  160  4 

160  to  180  4 

180  to  200  5 

200  to  250  13 

250  to  300  5 

300  to  350  0 

375  1 

475  1 

Total  85 
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Table  39. — Dengue  in  Thirty-first  Infantry,  1922,  1923,  and  192j^;  soldiers 
who  had  one  recurrence — Continued. 

2.  Interval  between  first  and  second  attacks,  and  numbers  attacked. 


Interval     between 
arrival  and  attack. 

Days. 

13  to  15 

15  to  20 

20  to  25 

25  to  30 

30  to  35 

35  to  40 

40  to  45 

45  to  50 

50  to  60 

60  to  70 

70  to  80 

80  to  90 

90  to  100 

100  to  120 

120  to  140 

140  to  160 

160  to  180 

180  to  200 

200  to  225 

225  to  250 

250  to  275 

275  to  300 

300  to  350 

350  to  400 

400  to  450 

450  to  500 

500  to  550 

550  to  600 

600  to  650 


Soldiers  having 

dengue    after    the 

interval. 


2 
0 
2 

1 
4 
0 
0 
1 
4 
1 
3 
2 
1 
1 
2 
5 
2 
6 
10 
5 
9 
4 
7 
3 
3 
2 
1 
2 
2 


Total 
3.  Interval   between    second    attack    and    departure. 


Interval  between 
attack  and  depar- 
ture. 

Days 

10 

20 

55  to 

60 

70  to 

75 

90  to 

100 

100  to 

120 

120  to 

140 

140  to 

160 

85 


Soldiers    attacked. 
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Table  39. — Dengue  in  Thirty- first  Infantry,  1922,  192S,  and  192 J^;  soldiers 
who  had  one  recurrence — Continued. 

Internal    between 

attack  and  depar-  Soldiers    attacked. 
ture. 

Dasm. 

160  to  180  0 

180  to  200  4 

200  to  225  2 

225  to  250  4 

250  to  275  6 

275  to  300  3 

300  to  350  5 

350  to  400  6 

400  to  450  12 

450  to  500  14 

500  to  550  10 

550  to  600  4 

600  to  650  2 

650  to  700  1 

700  to  750  1 


Total  85 

The  indication  that  recovery  from  dengue  results  in  a  period 
of  immunity  is  shown  clearly  in  the  columns  giving  the  interval 
between  attack  and  departure.  In  several  cases  this  was  brief, 
but  in  the  majority  it  stretched  over  at  least  one  more  epi- 
demic season. 

The  intervals  between  final  attack  and  departure  are  in  gen- 
eral shorter  among  those  who  had  two  or  more  attacks  than 
in  those  who  had  but  one.  Relatively  few  of  those  who  had 
but  one  attack  went  home  before  the  next  dengue  season ;  thirty- 
four  of  the  two  hundred  were  here  through  two  subsequent 
seasons. 

From  Table  38  there  seems  to  be  no  relation  between  the 
length  of  the  interval  from  arrival  to  first  attack  and  between 
the  periods  elapsing  from  one  subsequent  attack  to  the  next. 
In  other  words,  there  is  no  indication  that  initial  high  suscep- 
tibility— if  a  short  interval  before  the  first  attack  indicates 
high  susceptibility — ^means  a  greater  or  less  tendency  to  acquire 
immunity  of  durable  length.  The  two  soldiers  who  had  four 
attacks  both  show  a  lack  of  any  appreciable  lengthening  of 
their  well  periods  between  their  successive  attacks. 

This  second  epidemiological  study  makes  more  emphatic  the 
conclusion  drawn  from  the  first;  that  is,  that  recovery  from 
an  attack  of  dengue  results  in  a  degree  of  acquired  immunity 
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which  is  exceedingly  variable  in  its  effective  duration.  We 
believe  this  point  can  be  considered  definitely  established. 

It  adds  definite  information  upon  the  percentage  of  recur- 
rences that  may  be  expected  in  the  average  soldier  in  Manila 
during  a  tour  of  service  lasting  two  or  three  years. 

At  least  40  per  cent  of  military  personnel  will  have  attacks 
severe  enough  to  demand  hospitalization. 

After  a  delay  of  two  hundred  to  three  hundred  days,  in  the 
great  majority  of  cases,  30  per  cent  of  those  attacked  will  have 
severe  recurrences.  A  few  will  have  even  third  and  fourth 
attacks,  violent  enough  to  require  hospitalization,  before  their 
departure. 

Nothing  is  known  concerning  the  relative  numbers  of  mild 
attacks  which  the  soldiers  have  and  never  report.  Common 
talk  indicates  that  they  are  numerous. 

The  diagnoses  in  these  cases  were  all  made  by  the  chiefs  of 
the  Medical  Service  at  Sternberg  General  Hospital.  We  are 
certain  the  question  will  be  asked  by  some  readers:  "Were  not 
some,  at  least,  of  these  illnesses  which  were  called  dengue — es- 
pecially, some  of  the  recurrences — as  a  matter  of  fact,  malaria 
paroxysms?''  Ashburn  and  Craig  (1907,  page  133),  in  their  dis- 
cussion of  immunity  and  susceptibility,  say  : 

The  correctness  of  reports  in  cases  in  which  attacks  have  occurred  a 
month  apart  we  very  much  doubt.  We  had  about  six  patients  sent  back 
to  us  after  such  periods,  supposed  to  be  suffering  from  second  attacks, 
but  in  no  case  was  it  so.  The  "second  attack'*  was  usually  a  malaria 
paroxysm. 

Malaria  could  scarcely  have  played  an  important  role  as  a  cause 
of  the  attacks  which  we  have  accepted  as  dengue.  The  troops 
concerned  had  come  from  the  United  States  directly  to  Manila, 
where  relatively  few  persons  become  infected  with  malaria,  and 
had  not  seen  service  in  parts  of  the  Islands  where  malaria  is 
prevalent.  It  is  true  that  some  of  them  probably  had  malaria 
at  home  and  a  few  may  have  been  carriers;  individuals  may 
have  made  visits  to  malarious  districts  here.  If  these  possi- 
bilities actually  were  operative  in  causing  the  attacks  we  have 
accepted  as  dengue,  it  is  strange  that  the  malaria  should 
have  manifested  itself  always  in  just  this  way,  and  with  para- 
sites so  rare  in  the  circulating  blood  as  to  result  in  failure  to 
find  them  in  the  cases  in  which  microscopic  examinations  were 
made. 
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The  treatment  for  dengue  does  not  include  the  administra- 
tion of  quinine  and,  while  malaria  may  indeed  manifest  itself 
as  an  occasional  febrile  attack  of  brief  duration,  this  occurs 
chiefly  in  places  where  blood  examinations  are  not  made.  It 
seems  impossible  that  there  should  be  such  intervals  as  those 
noted  above,  in  so  many  men,  between  attacks  so  brief — due 
to  malaria  and  with  no  quinine  given  during  or  subsequent  to 
such  illnesses. 

The  medical  chiefs  at  the  hospital  made  the  diagnosis  in  each 
case  without  knowledge  as  to  whether  it  was  a  primary  attack 
or  a  recurrence,  and  the  type  of  study  made  to  establish  diag- 
nosis is  clearly  set  forth  in  the  clinical  section  of  this  work 
(Clinical  Aspects,  pages  170  to  211).  In  order  to  compare  the 
symptoms  exhibited  by  naturally  acquired  cases  with  the  symp- 
toms of  those  produced  experimentally,  ''as  a  comparison  and 
control  a  similar  tabulation  of  the  symptomatology  shown  by  a 
series  of  twenty-four  naturally  acquired  cases,  occurring  con- 
secutively during  the  period  covered  by  our  work,  is  also  shown.'' 

In  order  to  obtain  exact  information  upon  the  occurrence  of 
malaria  and  its  prevalence  in  the  Thirty-first  Infantry  during 
the  years  1922,  1923,  and  1924,  we  have  carefully  searched  the 
records  at  Sternberg  General  Hospital.  The  primary  object 
was  to  find  out  in  how  many  of  the  first  and  subsequent  attacks 
of  dengue  blood  examination  for  malaria  had  actually  been 
made.  It  soon  became  evident  that  other  diagnoses  than  "den- 
gue" were  interesting  from  the  standpoint  of  diagnosis.  It 
seemed  that  such  a  noncommittal  record  as  "Febricula"  might 
throw  a  little  light  on  the  prevalence  of  mild  and  atypical 
dengue — or  malaria.  For  this  reason  we  noted  all  instances  in 
which  the  diagnosis  made  was  "Fever,  type  undetermined," 
"Febricula,"  or  "Migraine."  We  added  to  the  list  also  all  the 
cases  diagnosed  "Malaria."  The  information  obtained  is  pre- 
sented in  Table  40. 

Table  40. — Malaria  in  Thirty- first  Infantry  in  1922,  1923,  and  1924. 

Dengue,  one  attack  only: 

Cases    (patients)  283 

No  examination  for  malaria  232 

Examined  and  negative —  61 

Only   one   examination  40 

Two  examinations  10 

Three  examinations  1 


228 


The  Philippine  Journal  of  Science 


1926 


Table  40. — Malaria  in  Thirty-first  Infantry  in  1922,  1923,  and  192J^ — Ctd. 


Dengue,  recurrences: 
Patients — 

No  examinations  for  malaria 
At  least  one  examination 
One  examination  only 
Two  examinations 
Three  examinations 
These  133  patients  had  attacks 
Charts  not  found 
No  examination 
Examined  and  negative 


133 
82 
51 
40 
10 
1 

284 
4 

219 
51 


1922 

1923 

192« 

Fever,  type  undetermined: 

Cases - 

1 
1 
0 

4 
1 
3 

0 
0 

20 
20 

21 

9 

12 

1 
1 
0 

4 
4 

1 
1 

14 

0 

14 

0 
0 
0 

0 
0 

2 
2 

Not  examined  for  malaria   ...      .                   

Examined  for  malaria  and  negative 

One  case  on  dengue  list. 
Febricula: 

Cases - 

Not  examined  for  malaria                     _       

Examined  for  malaria  and  negative 

Two  on  dengue  list. 

Two  not  on  dengue  list  but  had  malaria. 
Migraine: 

Cases                                                                          

Not  examined  for  malaria 

Three  on  dengue  list. 
Malaria: 

Cases 

Blood  examination  positive.  _       -  _   _       .   . 

The  most  striking  of  all  these  figures  are  those  relating  to 
positive  diagnoses  for  malaria;  these  were  always  based  on 
blood  examination.  The  one  positive  case  in  1923  and  the  two 
in  1924  make  paludism  practically  negligible  during  the  period 
when  the  great  majority  of  the  dengue  relapses  occurred.  Among 
our  dengue  patients  were  five  who  had  previously  had  malaria 
during  the  period  of  our  study.  Even  if  we  set  aside  the  neg- 
ative examinations  for  malaria  made  later,  at  the  time  the 
dengue  diagnosis  was  made,  and  agree  that  the  so-called  dengue 
was  really  malaria  (we  do  not,  however)  no  material  change 
would  be  made  in  our  figures.  The  dates  of  the  malaria  and 
dengue  attacks  in  these  five  soldiers  are  shown  in  Table  41 ;  the 
following  symbols  are  used  in  this  Table  as  well  as  in  Tables  42 
and  43: 
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-{-,  Blood  examined  and  found  positive  for  malaria  parasites. 
—,  Blood  not  examined  for  parasites. 

=,  Blood  examined  and  found  negative;  the  figure  indicates  the  num- 
ber  of   examinations   that   were   made. 

Table  41. — Diagnoses  for  malaria  and  dengue  in  five  patients. 


Name. 

Disease. 

Date. 

Blood 
examina- 
tion. 

Remarks. 

Grenuk,  Wasil 

Malaria 

May    2,1922 
June  16, 1922 
Oct.   14,1922 

+ 

Do 

Do_ . 

Dengue 

Dengue    rash.    No     qui- 

Lamb, Chester  A.  _ 

Malaria 

June  23, 1922 

+ 

nine.     Recoveied. 

Do 

Dengue 

Apr.  24, 1923 

« 

Fever  curve  suggests  den- 

gue.    Recovered  with- 

McArthur, Andrew 

Malaria 

July  26, 1922 

+ 

out  quinine. 

Do 

Dengue . 

Oct.     9, 1922 

^ 

Dengue  rash;  5,600  leuco- 

cytes; other    symptoms 

indicate     dengue.      No 

quinine. 

June  27, 1923 

— 

Symptoms     of       dengue. 

Egan,  James  P 

Malaria 

Sept.    8,1922 

+ 

No  quinine. 

Do. .      . 

Dengue . 

Mar.    4,1923 

Typical     severe     dengue. 

No  quinine. 

Aug.    8,1923 

— 

Clinically,     dengue.     No 

Masek,  John 

Malaria 

Dengue 

Nov.  16, 1922 
May  27, 1923 

+ 

qumme. 

Do 

Clinical  record  does    not 

1 

seem  to  exclude    mala- 

ria.    Quinine   adminis- 

tered before  last  exami- 

nation   of    blood     for 

parasites. 

Two  men  had  malaria  and  later  febricula;  neither  was  ever 
admitted  to  the  hospital  for  dengue  (see  Table  42). 

Table  42. — Diagnoses  for  malaria  and  febricula  in  two  patients. 


Name. 

Disease. 

Date. 

Blood 
examina- 
tion. 

Brighton,  Wm 

Malaria 

Apr.  20, 1922 
July     5,  1922 
June  19, 1922 
Sept.    5,1922 

+ 

Do 

Febricula. 

Turner,  Darius  M. 

Malaria 

+ 

Do _... 

Febricula 

Interesting  combinations  of  dengue  and  other  diagnoses  are 
seen  in  Table  43. 
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Table  43. — Diagnoses  for  dengue  and  other  ailments  combined,  in  four 

patients. 


Name. 


Center,  Wayne  T 

Do 

Do 

Lee,  Marion  E .  . 

Do 

Alders,  Gerald  A. 
Do 

Scully,  Wm 

Do 


Febricula_ . 

Dengue 

Migraine .- 

Dengue 

Febricula 

Dengue - 

Migraine 

Dengue 

Fever,  type  undetermined 


Date. 


July  17, 
Nov.  2, 
Mar.  23, 
Aug.  4, 
Aug.  24, 
Sept.  1, 
Oct.  3, 
Feb.  16, 
Dec.  2, 
Oct.  24, 


1922 
1922 
1923 
1922 
1922 
1923 
1922 
1923 
1922 
1923 


Blood 
examina- 
tion. 


The  lists  include  the  names  of  all  those  in  our  dengue  tables 
who  had  at  other  times  febricula,  fever  (type  undetermined), 
migraine,  or  malaria. 

The  records  of  Sternberg  General  Hospital  show  clearly,  we 
believe,  that  malarial  infection  was  not  so  prevalent  in  the 
Thirty-first  Infantry  as  to  interfere  seriously  with  the  accuracy 
of  the  diagnoses  for  dengue  during  the  years  1922,  1923,  and 
1924. 

EXPERIMENTAL 

The  tables,  together  with  the  deductions  to  be  drawn  from 
the  figures  presented,  give  information  of  great  interest ;  but  they 
give  definite  answers  to  only  a  few  of  the  important  questions 
concerning  immunity  to  dengue.  In  addition  to  the  fact  that 
we  possess  no  record  of  mild  attacks  of  dengue  which  may  have 
occurred  in  our  various  groups,  the  factor  of  infection  is  by  no 
means  a  certain  one;  it  cannot  be  claimed  that  all  individuals 
in  the  groups  were  equally  exposed  to  the  bites  of  Aedes  mos- 
quitoes, nor  that  the  mosquitoes  themselves  were  infected  uni- 
formly. It  will  be  remembered  that  Ashburn  and  Craig  (1907) 
found  one  man  who  never  was  bitten  by  mosquitoes  at  all;  he 
might  have  been  considered  naturally  immune  to  dengue,  had 
these  investigators  not  injected  him  with  virus  blood  and  found 
him  susceptible. 

Taken  by  itself,  then,  we  feel  that  only  the  general  conclusions 
which  constitute  the  opening  paragraph  of  the  epidemiological 
part  of  our  study  on  immunity  in  dengue  should  be  drawn  from 
that  section.     Fortunately,  we  are  not  compelled  to  leave  the 
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discussion  in  a  condition  so  incomplete.  In  the  course  of  this 
research  we  have  had  a  unique  opportunity  to  obtain  informa- 
tion experimentally  upon  the  question  of  immunity  to  dengue, 
and  the  circumstances  have  been  such  that  no  reservations  are 
required  in  discussing  the  results. 

Several  of  the  individuals  who  came  down  with  dengue  in  the 
experimental  ward  consented  to  be  injected,  at  a  subsequent  date, 
with  blood  drawn  from  persons  in  the  early  stages  of  typical 
attacks  of  dengue  produced  experimentally.  A  few  of  those 
who  volunteered  for  the  immunity  test  had  had  definite  attacks, 
contracted  otherwise  than  in  the  experimental  ward — sponta- 
neous attacks. 

In  addition  to  the  tests  for  acquired  immunity  made  upon 
persons  who  had  had  previous  attacks  at  definitely  known  dates, 
a  series  of  injections  of  virus  blood  were  made  into  native  Fili- 
pinos. Only  three  of  the  Filipinos  remembered  having  had  an 
attack  of  dengue,  and  their  recollection  was  extremely  vague — 
we  felt  that  the  innate  politeness  of  the  East  was  the  chief  cause 
of  the  attacks. 

In  Table  44  are  given  the  data  concerning  the  experimental 
tests  for  immunity  made  by  the  subcutaneous  injection  of  virus 
blood  into  persons,  the  dates  of  whose  previous  attacks  were 
accurately  known. 

The  infecting  virus. — ^Ashburn  and  Craig  (1907)  found  that 
the  virus  of  dengue  is  present  in  the  circulating  blood;  Cleland 
and  Bradley  (1916)  have  shown  that  the  virus-carrying  blood 
retains  its  infectivity  for  several  days  if  it  is  kept  under  proper 
conditions,  and  the  work  of  this  board  has  shown  that  the  period 
of  greatest  potency,  in  so  far  as  the  infection  of  mosquitoes  is 
concerned,  is  short,  possibly  two  days,  beginning  a  few  hours 
before  the  appearance  of  symptoms. 

All  the  patients  from  whom  the  virus  blood  was  taken  for 
these  experiments  had  been  ill  less  than  forty-eight  hours  (By am 
A--48,  Maloy  A-62,  Driscoll  A-72,  Foos  A-86,  Byrd  A-91, 
and  Duncan  A-101  were  in  the  first  day;  Kibbe  A-28  and 
White  A~54  were  in  the  second  day),  and  all  had  given  three 
clear  negative  Wassermann  tests  since  entering  the  experimental 
ward.  In  no  case  was  there  an  interval  greater  than  four  hours 
between  the  collection  and  the  injection  of  the  blood. 

At  least  one  person  in  each  group  of  those  injected  with  the 
blood  of  Kibbe,  Byam,  White,  and  Maloy  came  down  with  dengue, 
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Table  44. — Tests  for  acquired  immunity  to  dengue. 


Experi- 
ment 
No. 

Volimteer. 

Days 
since  ini- 
tial 
symp- 
toms of 

last 
attack. 

53 
53 
53 
98 
40 
55 
48 
74 
121 
50 
90 
86 
91 

Virus. 

Result. 

Duration  of 
attack  in  days. 

Donor. 

Day  of 
dengue. 

Positive 

(+)or 

negative 

Incuba- 
tion 
period  in 
(days). 

3.5 

5 
5 

11 

7 

Pre- 
vious. 

4 
4 
5 
4 
3 
5 
3 
7 
5 
6 
8 
6 
4 

Result, 
ing. 

2 

3 
3 

2 

4 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

I-IO 

I-ll 

1-12 

1-13 

1-14 

1-15 

1-16 

1-17 

1-18 

1-19 

1-20 

1-21 

1-22 

1-55 

1-56 

ProckB-2 

ReedB-1 

Richards  B-3 

Sparlinga 

Alexander  A-20..._ 
Eldert» 

Kibbe  A-28- - 

do 

do 

do- 

Byam  A-48 

do 

do 

do 

do 

White  A-54 

do 

do.-- 

Maloy  A-62..  - 

do- 

do - 

Second. . 
...do..- 

...do 

--do 

First-.-. 
...do.... 

--do 

-.do 

-.dO-.- 

Second- . 
.-do—, 
-..do 

First- ... 

--do 

--do 

+ 

Abies  A-18 - 

Ross*      

A.W.S.«» 

Marine* __ 

Clark,  H.G.* 

Berkowitz* 

Butler*  t 

Reircrcd 

Judv'=  •     - 

Cain  A-34_ __ 

Caion  A-35 

Carter  A-26« ' 

68 
67 

Driscoll  A-72.. 

do 

-     do 

...do 

--do.... 
-   -do  .- 

— 

7 
5 

i 

Dembowski  A-52_ 

Kibbe  A-28 

WatkinsA-40 

White  A-54 

Butler^  .          - 

46 
69 
60 
32 
bl45-54 
116-61 

do „ 

do 

do 

do 

Duncan  A-101_ 
Byrd  A-91 

--do 

--do 

...do 

-.do.... 
— do-.- 
-..do..- 

+ 

5 

2 
5 
4 
2 
(b) 
3 

2(?) 

Eldert  «  « 

*  Spontaneous   infection ;  that   is,   not  produced  experimentally. 

^  Butler  1-13  tested  first  after  ninety-four  days,   found  immune.     Tested  again   as   1-55, 
found  to  be  still  immune:  total,  one  hundred  forty-eight  days. 
«  Not  included  in  summary  and  discussion. 

*  No  definite  history  of  previous  attack. 

*  See  B-14. 

'  Under  observation  only  five  days, 
s  See  discussion  of  this  case  in  text. 

thus  demonstrating  positively  the  presence  of  potent  virus  in 
the  inoculum.  There  were  no  positive  results  in  the  groups 
injected  with  the  blood  of  Driscoll  and  Foos,  but  both  these  indi- 
viduals were  in  the  first  day  of  a  typical  attack  produced  by  the 
bites  of  infected  mosquitoes.  Within  an  hour  or  two  of  with- 
drawing the  blood  from  Driscoll  and  Foos,  Aedes  mosquitoes 
were  permitted  to  take  blood  from  them.  The  mosquitoes  of 
lot  808,  which  were  allowed  to  bite  Driscoll  on  this  day,  subse- 
quently produced  dengue  in  Hockett  A-90;  those  that  bit  Foos 
were  lot  811  and  subsequently  produced  dengue  in  McAllister 
A-96.    We  feel,  therefore,  that  there  can  be  no  reasonable  doubt 
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as  to  the  presence  of  active  virus  in  the  blood  of  Driscoll  and  of 
Foos.  Byrd  and  Duncan  were  in  the  first  day  of  typical  attacks 
of  dengue  produced  experimentally  by  the  bites  of  infected  mos- 
quitoes, and  it  is  scarcely  possible  that  their  circulating  blood 
did  not  contain  the  virus.  There  was  no  mosquito  control,  as 
in  the  cases  of  Driscoll  and  Foos,  and  there  were  no  positive 
indications  of  infection  in  the  groups  injected,  unless  we  con- 
sider the  slight  and  brief  rise  in  temperature  shown  by  some 
of  the  native  volunteers  a  positive  result,  and  unless  we  consider 
the  result  in  Eldert  1-56  really  an  attack  of  dengue. 

From  each  of  the  donors  of  the  virus  about  10  cubic  centi- 
meters of  blood  were  drawn  from  a  vein,  at  the  bend  of  the 
elbow,  into  about  0.5  cubic  centimeter  of  sterile  1  per  cent 
sodium  citrate  solution  in  physiological  saline.  Injections  were 
made  subcutaneously  in  the  region  of  the  insertion  of  the  deltoid 
muscle ;  the  amount  injected  was  uniformly  0.5  cubic  centimeter. 
In  preparation  for  the  injection,  the  skin  was  painted  with  iodine 
and  the  excess  of  iodine  was  washed  off  with  acetone. 

Result  of  test  for  acquired  immunity. — Twenty-three  persons 
giving  a  positive  history  of  dengue  were  injected  with  virus 
blood,  and  two  (Butler  and  Eldert)  were  injected  a  second  time 
after  intervals  of  fifty-four  and  sixty-one  days,  respectively. 
Butler  was  found  to  be  still  immune,  while  Eldert  was  suscepti- 
ble; one  (Carter)  could  be  observed  for  only  five  days  subsequent 
to  the  inoculation.  Judy  was  possibly  naturally  immune;  he 
was  given  a  number  in  our  table  when  we  thought  a  slight  in- 
disposition was  the  beginning  of  an  attack;  now,  we  do  not 
know,  but  some  of  us  are  inclined  to  believe  he  had  such  a 
reaction  to  the  virus  as  so-called  naturally  immune  natives  of 
endemic  areas  exhibit.  This  point  is  discussed  below  and  in 
the  section  on  Clinical  Aspects  (pages  170  to  211).  Reiser  1-14 
is  included  in  our  table,  but  subsequent  examination  of  the  facts 
in  his  case  revealed  that  he  had  had  no  definite  previous  attack  of 
dengue.  The  reason  for  including  his  name  is  that  his  positive 
attack,  following  injection  of  the  blood  from  Maloy,  constitutes 
a  test  of  the  infectiveness  of  the  blood  injected  into  Butler. 

Therefore,  we  can  include  in  the  test  group  nineteen  volun- 
teers, five  of  whom,  about  26.3  per  cent,  came  down  with  the 
disease.  If  we  include  the  second  injections  made  into  Butler 
and  Eldert,  we  have  twenty-one  volunteers  with  six  positive 
results,  28.6  per  cent.     These  percentages  are  strikingly  close  to 
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the  percentages  of  recurrence  found  in  the  epidemiological  study 
discussed  above — 30  per  cent  of  those  who  had  had  but  one 
previous  attack.  The  intervals  between  the  first  day  of  the 
previous  attack  and  the  injection  of  virus-carrying  blood  were, 
in  the  positive  cases,  53,  55,  86,  98,  and  121  days.  The  longest 
interval,  between  the  previous  attack  and  the  later  injection,  in 
which  the  man  was  found  to  be  immune  was  ninety  days  (Clark, 
H,  G.). 

In  this  work,  then,  no  individual  injected  earlier  than  fifty- 
three  days  (one  volunteer  was  susceptible  in  so  short  a  time) 
after  his  previous  attack  exhibited  susceptibility  to  dengue  in- 
fection; one  individual,  injected  ninety  days  after  his  previous 
attack,  was  found  to  be  immune. 

The  results  for  the  second  injection  of  Eldert  1-56  deserve 
some  discussion.  Eldert  was  admitted  first  to  Sternberg  Gen- 
eral Hospital  with  a  "spontaneous"  attack  of  dengue,  which 
lasted  five  days:  fifty-five  days  later  he  was  injected,  as  1-6, 
with  the  blood  of  Byam  A-46.  After  an  interval  of  five  days, 
he  came  down  with  what  was  considered  a  typical  attack  of 
dengue.  Sixty-one  days  subsequent  to  the  beginning  of  this 
attack,  he  was  again  injected,  this  time  as  1-56,  and  with  the 
blood  of  Byrd  A-91.  The  injection  was  made  on  February  12, 
1925;  on  February  16,  l)e  complained  of  slight  headache  and 
post  orbital  soreness  and  pain,  but  had  no  rise  in  temperature. 
On  the  next  day  the  symptoms  were  worse,  but  his  temperature 
did  not  rise  above  99°  F.;  he  complained  of  vertigo,  poor  appe- 
tite, and  lack  of  taste-sense,  and  claimed  that  he,  himself,  had 
noticed  a  slight  mottling  on  his  chest  and  upper  abdomen.  Per- 
sonal contact  with  this  volunteer  and  his  familiarity  with  the 
symptoms  of  dengue  made  us  hesitate  to  include  this  as  a  positive 
attack  without  reservations. 

It  is  most  interesting  in  this  connection  to  note  that  on  April 
22, 1925,  Eldert  was  admitted  to  the  dengue  ward  of  the  hospital 
complaining  that  the  day  before  he  had  had  a  slight  headache, 
which  became  severe  during  the  afternoon,  and  was  accompanied 
by  pains  in  the  eyes  and  dizziness.  In  the  evening  he  had  a  chill. 
On  the  morning  of  admission  he  had,  in  addition,  pains  in  the 
back,  no  vomiting,  but  loss  of  appetite.  According  to  the  clinical 
record  he  had  a  macular  eruption  (mottled)  with  acne  on  the 
shoulders.  On  the  evening  of  admission  his  temperature  was 
102°  F.     It  reached  normal  on  the  afternoon  of  the  24th,  and 
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he  was  returned  to  duty  on  the  28th.  His  leucocytes  were  nor- 
mal in  number,  and  no  malaria  parasites  were  found  in  his 
blood.  This  attack,  if  dengue,  would  probably  lend  support  to 
the  diagnosis  of  dengue  in  the  second  experimental  attack,  and 
would  indicate  that  Eldert  is  one  of  the  individuals  whose 
immunity  to  dengue  is  exceedingly  evanescent. 

Of  more  than  passing  interest  is  the  case  of  Ross.  He  was 
tested  for  immunity  to  dengue  as  I~8  on  December  8,  1924,  and 
found  to  be  insusceptible  to  the  infection.  On  April  14,  1925, 
two  hundred  one  days  following  his  initial  attack  and  one  hun- 
dred twenty-seven  days  following  the  immunity  test,  he  was 
admitted  to  Sternberg  General  Hospital,  suffering  with  a  typical 
attack  of  dengue,  accompanied  by  a  measleslike  rash.  His  tem- 
perature on  admission  was  102°  F.,  and  increased  to  103.8°  F. 
the  same  evening.  It  did  not  reach  normal  until  the  22d  and  he 
was  returned  to  duty  on  the  24th.  From  the  standpoint  of  ac- 
quired immunity,  this  occurrence,  a  naturally  acquired  attack 
of  dengue,  is  important  and  may  serve  as  the  starting  point  for 
interesting  observations  upon  the  possibility  of  vaccinal  immun- 
ity to  dengue.  He  was  immune  to  infection  seventy-four  days 
after  his  initial  attack,  but  came  down  with  a  naturally  acquired 
attack  of  dengue  one  hundred  twenty-seven  days  after  the  in- 
jection of  infective  virus  blood;  it  would  seem  reasonable  to 
look  for  increased  immunity,  possibly  of  a  very  solid  type, 
as  the  result  of  this  volunteer's  experience  with  the  infection. 
The  fact  that  there  was  no  such  result  leads  to  the  question  as 
to  whether  or  not  a  practical  method  for  securing  active  im- 
munity to  dengue  can  be  worked  out. 

A  point  of  immunological  interest  is  revealed  by  comparison 
of  the  duration  of  the  initial  attack  with  that  of  the  attack 
following  the  injection  of  the  virus.  It  will  be  noted  from 
Table  42  that,  in  each  instance,  the  experimentally  produced 
attack  was  shorter  than  the  previous  one.  The  average  duration 
of  initial  attacks  was  4.8  days  (excluding  Eldert  1-56) ;  the 
average  duration  of  the  attacks  resulting  from  the  injection  of 
the  virus  was  only  2.8.  It  may  be  argued  that  there  is  a  vast 
difference  between  infection  through  mosquito  bites  and  infec- 
tion through  the  injection  of  a  large  amount  of  virus-carrying 
blood.  We  see,  however,  that  Prock  B~2  received  his  initial 
infection  through  the  injection  of  virus  blood,  and  his  first  attack 
lasted  four  days,  whereas  his  second  lasted  only  two  days.    We 
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believe  this  difference  in  the  duration  of  the  attack  may  be  con- 
sidered an  indication  that,  although  the  volunteer's  refractory- 
state  was  not  great  enough  to  prevent  infection  altogether,  he 
did  have  an  appreciable  degree  of  acquired  immunity.  The 
duration  of  the  initial  attack  seems  to  have  no  essential  relation 
to  the  degree  of  immunity  resulting  from  it.  This  is  indicated 
by  the  fact  that  the  average  duration  of  the  disease  in  those  who 
were  found  to  be  immune  was  4,6  days — practically  the  same 
as  in  those  who  were  found  to  be  susceptible,  4.8  days. 

Tests  for  natural  (?)  immunity. — It  has  been  recorded  by 
several  observers  that  natives  of  areas  where  dengue  is  endemic 
possess  a  high  degree  of  immunity.  Whether  this  is  in  the 
nature  of  a  natural  immunity  or  whether  it  results  from  re- 
peated attacks  so  mild  as  to  be  unrecognized,  is  a  question  for 
which  there  is  at  present  no  answer.  We  are  inclined  to  believe 
the  immunity  is  acquired.  It  seems  possible  that  the  earliest 
infection  might  have  occurred  in  infancy  and  that  subsequent 
infections  have  come  along  with  sufficient  frequency  to  fall 
within  the  period  when  there  has  been  just  enough  residual 
immunity  to  make  the  attack  brief  in  duration  and  mild  in 
degree,  although  not  enough  to  prevent  it  altogether.  The  actual 
tests  of  immunity  we  have  been  able  to  make  have  had  for  their 
purpose,  first  of  all,  to  prove  the  assertion  that  natives  of  dengue 
endemic  areas  actually  are  immune. 

The  virus  used  has  already  been  described.  Three  groups  of 
Filipino  soldiers  volunteered  for  the  tests;  the  groups  were 
injected,  respectively,  with  the  blood  of  Foos  A-86  (January  27, 
1925),  Byrd  A-91  (February  12,  1925),  and  Duncan  A-101 
(February  27,  1925) .  The  donors  were  in  the  first  day  of  their 
attack.  The  blood,  soon  after  its  collection,  was  carried  to  the 
hospital  at  Fort  William  McKinley  and  injected  subcutaneously, 
always  within  four  hours  of  its  collection;  the  dose  was  0.5 
cubic  centimeter.  The  injected  soldiers  were  not  excused  from 
their  regular  duties,  except  when  admitted  to  the  hospital. 
Their  temperatures  were  taken  at  about  7  a.  m.,  and  at  about  5 
p.  m.,  the  first  record  having  been  made  on  the  day  of  injection ; 
temperatures  of  the  third  group  were  also  taken  immediately 
before  the  injection.  Three  of  the  volunteers  believed  they  had 
had  dengue  before ;  the  others  had  no  recollection  of  any  attack. 
In  order  that  the  results  of  these  injections  can  be  readily 
studied,  the  recorded  temperatures  following  the  injections  are 
given  for  each  of  the  volunteers  in  Table  45. 
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It  will  be  noted  that  several  of  those  injected  had  some  rise 
in  temperature  on  the  day  of  injection,  two  on  the  first  day 
thereafter,  and  two  on  the  third.  Considering  the  fact  that  the 
average  incubation  period  in  our  mosquito  transmission  cases 
has  been  4.25  days,  these  increases  in  temperature  can  scarcely 
have  any  significance  in  so  far  as  dengue  is  concerned.  It  may 
be  suggested  that  they  are  anaphylactic  in  nature,  and  this  is 
an  attractive  thought ;  but  more  work  devoted  to  this  particular 
point  must  be  done  before  we  can  express  any  opinion  about  it. 

We  have  so  frequently  seen  in  the  experiment  ward  at  Stern- 
berg General  Hospital  temperatures  of  99.2°  among  volunteers 
during  their  quarantine  period  as  to  be  certain  that  only  tem- 
peratures above  this  point  can  be  considered  fever. 

To  obtain  further  information  upon  the  normal  temperature 
of  the  average  Filipino  soldier  we  had  this  same  group  report 
at  the  Fort  William  McKinley  Hospital  every  day  for  two  weeks, 
morning  and  evening.  This  was  done  about  four  months  sub- 
sequent to  the  injection  of  virus.  One  or  two  of  the  men  had 
been  discharged  or  detached  and  not  all  were  able  to  report 
every  time.  The  figures  obtained  seem  sufficient  for  the  purpose. 
They  are  shown  in  Table  46. 

It  will  be  seen  (Table  46)  that  Silvano  had  fever  on  the 
seventh  and  eighth  days.  This  was  due  to  an  injection  of 
typhoid  vaccine,  as  noted  on  the  chart. 

Paule  had  fever  on  the  morning  of  the  ninth  day  and  on  the 
morning  of  the  twelfth.  So  far,  we  have  not  been  able  to 
demonstrate  malaria  parasites  in  the  blood  of  this  man;  he 
states  that  he  never  had  malaria,  but  the  interval  between  the 
two  rises  in  temperature  would  make  one  look  persistently  for  a 
malarial  element  in  this  case.  Asistin,  Laspinas,  de  la  Rosa, 
and  Abad  also  had  slight  rises  in  temperature  for  which  no 
definite  explanation  can  be  found.  The  fact  that  so  many  of 
them  registered  99.4°  F.  makes  it  clear  that  a  temperature  at 
this  level  is  not  uncommon,  and  we  cannot  bring  any  rise  not 
definitely  greater  than  this  into  our  discussion  of  possible  reac- 
tions to  the  dengue  virus. 

Eliminating  from  our  discussion,  then,  those  soldiers  who 
had  slight  rises  in  temperature  on  the  third  day  after  injection 
or  before  (and  at  no  other  time),  and  all  those  who  had 
temperatures  not  above  99.4°,  there  remain  several  cases  which 
seem  to  be  worth  detailed  analysis. 
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Before  taking  up  this  matter,  however,  let  us  refer  to  the 
case  of  Ordunia  1-49.  We  see  that  he  had  some  fever  on  the 
day  of  his  injection,  again  on  the  seventh  and  eighth  days,  and  on 
the  twelfth,  thirteenth,  and  fourteenth.  The  injection  was  made 
into  the  rnembers  of  his  group  on  February  27,  1925.  As  a 
result  of  his  afternoon  temperature  on  March  7,  he  was  admitted 
to  the  Station  Hospital,  Fort  William  McKinley.  He  was 
studied  carefully  by  Major  Hoffman  for  some  clinical  indication 
of  dengue,  but  no  such  diagnosis  could  be  made.  He  had  had 
malaria  in  1923,  but  examination  of  his  blood  at  this  time  re- 
vealed no  parasites.  No  parasites  could  be  found  in  any  other 
member  of  his  group.  Blood  examination  showed  17,800  leu- 
cocytes, with  4  per  cent  eosinophiles,  and  examination  of  his 
faeces  revealed  hookworm  ova.  He  was  given  treatment  for 
ankylostomiasis  and  discharged  from  the  hospital  March  16, 
1925,  with  his  faeces  free  of  ova.  Of  course,  the  slight  degree 
of  fever  this  soldier  showed  on  the  eighth  day  after  his  injection 
might  have  been  due  to  an  abortive  attack  of  dengue;  but  it 
seems  a  little  more  likely  that  it  was  due  to  something  else, 
especially  since  he  had  at  the  same  time  a  mild  degree  of  leuco- 
cytosis. 

Private  Abad  stated  that  on  the  days  when  he  had  fever  he 
had  permitted  himself  to  become  constipated;  that  he  was  not 
sick  at  all.  Accepting  this  as  a  plausible  explanation,  we  shall 
not  include  him  among  those  who  possibly  reacted  to  the  dengue 
virus. 

Private  Trillanes  was  also  admitted  to  the  hospital.  He  was 
injected  on  February  27,  and  admitted  on  March  4,  the  fourth 
day  following  the  injection,  as  a  result  of  his  fever.  Most  care- 
ful examination  was  made  and  daily  observations  were  continued 
to  detect  a  symptom  which  would  seem  to  be  pathognomonic  of 
dengue,  but  none  could  be  found.  In  common  with  the  other 
native  soldiers  in  these  groups,  who  had  fever  subsequent  to 
injection,  Trillanes  claimed  that  his  only  symptom  was  headache. 
He  had  no  pains  in  his  limbs  and  the  headache  was  not  associated 
with  his  eyes,  there  were  no  enlarged  glands,  and  there  was  no 
rash  detectable  at  any  time.  In  his  blood  no  malaria  parasites 
could  be  found.  The  single  point  in  the  record  of  his  case  that 
might  be  considered  as  definitely  suggestive  of  dengue  is  the 
small  number  of  leucocytes  in  his  circulating  blood — 6,350; 
polymorphonuclears,  56  per  cent;  mononuclears,  32  per  cent; 
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transitionals,  12  per  cent.  There  is,  therefore,  no  definite  evi- 
dence that  this  soldier  had  dengue ;  but,  considering  the  fact  that 
he  had  received  a  subcutaneous  injection  of  dengue  virus  and 
that  he  had  fever  on  the  fourth  day  thereafter  with  no  other 
discoverable  cause  for  it,  the  supposition  is  at  least  permissible 
that  this  mild  pyrexia,  which  would  have  been  unnoticed  if  his 
temperature  had  not  been  taken,  is  a  typical  example  of  the 
abortive  attacks  of  dengue  which  natives  of  dengue  endemic 
areas  suffer  with  sufficient  regularity  to  keep  up  a  high  degree 
of  immunity  in  them. 

We  venture  to  believe  the  cases  of  four  other  Filipinos  in  these 
groups  contain  points  of  more  than  suggestive  interest  in  a 
study  of  immunity  to  dengue.  De  Castro's  temperature  went 
to  99.8°  on  the  eighth  day  after  injection;  Soriano  had  fever  on 
the  eighth  and  ninth  days  subsequent  to  the  injection;  Torio  on 
the  sixth  and  seventh;  and  Silvano  on  the  sixth  and  eighth. 
All  these  men  were  questioned  very  carefully  and  all  stated  that 
they  would  not  have  known  they  had  any  fever  if  their  tempera- 
tures had  not  been  taken.  Soriano  had  some  headache  on  the 
days  of  his  fever,  but  he  had  no  pains  in  his  eyes,  back,  or  limbs, 
and  no  rash  at  any  time. 

Considering  the  chronology  of  the  brief  attacks  of  fever  these 
men  had  (that  is,  the  relation  of  the  fever  to  the  injection), 
it  seems  permissible  to  believe  that  they  exhibited  a  specific  re- 
action of  immunity  to  the  dengue  virus.  This  point  seems 
susceptible  of  proof.  If  at  some  time  in  the  near  future  we  can 
infect  a  few  Filipinos  and  identify  the  presence  of  virus  in  their 
blood  at  the  time  of  their  slight  febrile  attack  the  evidence  will 
be  complete. 

The  single  definite  conclusion  that  can  be  drawn  from  the 
series  of  injections  of  virus  made  into  the  native  Filipino  soldiers 
is  that  they  were  all  immune  to  dengue.  None  of  the  thirty-two 
had  any  symptom  clearly  indicative  of  dengue.  The  records 
of  our  work  amply  prove  that  under  the  same  conditions  white 
troops  recently  arrived  from  the  United  States  would  have 
given  a  high  attack  rate.  Furthermore,  a  certain  proportion  of 
white  troops  serving  their  regular  tour  here  would  have  had 
attacks  following  such  injections  even  if  they  had  had  dengue 
before.  The  immunity  of  the  native  soldiers  was  greater,  there- 
fore, than  that  afforded  Caucasians  by  one  attack  of  dengue.  If 
we  could  admit  a  congenital,  racial  immunity  as  being  the 
responsible  factor  in  making  the  Filipinos  refractory  to  dengue, 
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this  would  be  easily  explained.  We  do  not  believe  such  an  ad- 
mission can  be  made.  A  few  individuals  may  be  naturally 
immune,  but  their  nationality  gives  them  no  advantage  in  this 
regard. 

It  seems  not  unlikely  that  the  slight,  brief,  febrile  attacks 
recorded  above  were  reactions  of  immunity  to  the  dengue  virus. 
This  would  check  with  the  theory  that  natives  of  dengue  endemic 
areas  do  not  enjoy  natural  immunity,  but  that  the  immunity 
they  possess  results  from  repeated  attacks  of  dengue,  which 
generally  remain  unnoticed  because  they  are  mild  in  character 
and  brief  in  duration.  Aedes  mosquitoes  are  constantly  present, 
and  native  people  are  bitten  by  them  frequently.  The  perpetua- 
tion or  conservation  of  the  dengue  virus  in  this  endemic  area, 
therefore,  presents  no  problem.  It  is  likewise  a  simple  matter 
to  construct  a  theoretical  dengue  history  for  the  average  native 
of  a  dengue  endemic  area,  as  follows:  His  first  attack  occurs 
in  infancy  when  diagnosis  is  difficult  and  usually  not  attempted. 
Thereafter,  as  a  result  of  frequent  reinfection,  he  has  an  abor- 
tive attack  as  soon  as  his  immunity  has  gone  down  to  a  point 
below  that  which  gives  him  complete  protection. 

Thus  our  deductions  and  theories  are  not  at  variance  with 
the  belief  that  immunity  to  dengue  is  not  permanent  but  dimin- 
ishes gradually,  and  in  order  that  an  individual  may  remain 
refractory  his  immunizing  forces  must  be  stimulated  repeatedly 
at  intervals  of  greater  or  shorter  length. 

Immunity  in  other  diseases. — ^Without  considering  the  matter 
seriously,  it  might  be  thought  that  a  review  of  our  knowledge 
concerning  the  resistance  to  infection  that  follows  certain  other 
diseases  and  of  the  immunological  studies  that  have  been  made 
in  connection  with  them  should  throw  some  light  on  our  problem. 
The  diseases  that  would  come  into  consideration  here  are  those 
which*  in  their  etiology,  mode  of  transmission,  or  clinical  char- 
acteristics could  be  placed  in  a  group  with  dengue.  The  one 
that  seems  most  closely  related  is  yellow  fever,  and  many  points 
of  similarity  to  it  have  been  noted  elsewhere  in  this  report; 
in  its  etiology,  infectious  jaundice  belongs  with  yellow  fever. 
Pappataci,  or  sand-fly  fever,  has  undoubtedly  been  mistaken 
many  times  in  the  past  for  dengue.  Trench  fever  causes  joint 
and  muscle  pains  and  may  resemble  dengue  in  temperature  and 
pulse  curve,  and  convalescence  may  be  protracted.  Typhus  fever 
and  Rocky  Monutain  spotted  fever  are  insect-borne  septicaemias ; 
the  immunological  work  that  has  been  done  or  attempted  upon 
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them  has  not  taken  into  consideration  their  probable  etiologic 
agent,  and  it  may  suggest  lines  of  work  for  dengue;  for  the 
last  reason,  we  may  include  tsutsugamushi. 

Yellow  fever, — It  has  been  commonly  believed  that  one  attack 
of  yellow  fever  confers  imrijunity  for  life.  It  will  be  remem- 
bered that  in  1898  there  was  much  talk  of  sending  a  regiment 
of  immunes  to  Cuba;  that  is,  persons  who  had  recovered  from 
an  attack  of  yellow  fever,  and  could  therefore  go  into  that 
endemic  area  with  impunity.  Upon  such  questions  the  opinions 
of  H.  R.  Carter  (1922)  represent  the  best  knowledge  we  possess 
at  the  present  time.     He  says : 

Whether  any  men  are  naturally  insusceptible  to  yellow  fever  is  a 
question  on  which  I  have  no  data.  An  immunity,  however,  is  acquired 
by  an  attack.  All  infections  from  which  recovery  takes  place  must  confer 
an  immunity,  temporary  or  permanent,  else  there  would  be  no  recovery. 
Whether  in  the  case  of  yellow  fever  this  immunity  is  temporary  or 
permanent  is  a  disputed  point.  The  majority  of  recent  writers  on  this 
subject  regard  the  immunity  from  an  attack  as  short  lived — even  ephem- 
eral— and  subsequent  attacks  common,  indeed,  the  rule,  in  subsequent 
exposures  a  few  years  later.  With  this  view  the  writer  does  not  agree. 
He  holds  that  the  immunity  from  an  attack  of  yellow  fever  is  a  permanent 
one,  as  permanent  as  that  from  smallpox  or  measles.  The  question  is 
rather  a  difficult  one  to  determine.  The  writer  has  attempted  to  do  so. 
(By am  and  Archibald,  2:1243.) 

The  French  Commission,  which  studied  yellow  fever  in  Brazil 
(Marchoux  and  Simond,  1905),  found  that  without  treatment 
the  virus  blood  from  a  yellow-fever  patient  became  inactive 
after  forty-eight  hours;  but,  if  covered  with  paraffin  oil,  eight 
days  were  required  for  it  to  lose  its  inf ectivity.  It  was  killed  in 
five  minutes  at  55°  C.  Their  work  led  them  to  suggest  that  a 
method  of  preventive  vaccination  might  be  founded  upon  the 
administration  of  virus  heated  to  55''  C.  or  after  storing  it  under 
paraffin  oil  for  eight  days.  The  degree  of  immunity  obtained 
by  the  injection  of  such  virus  was  low,  but  it  could  be  reenforced, 
and  thus  made  complete,  by  a  small  dose  of  fresh  virus.  They 
furthermore  found  the  serum  of  convalescents  to  have  preven- 
tive power. 

Within  recent  years  our  information  concerning  the  immunol- 
ogy and  specific  prevention  of  yellow  fever  has  been  much  ex- 
tended, through  the  work  of  Noguchi  (1919).  Since  the 
isolation  and  cultivation  of  Leptospira  icteroides  he  has  prepared 
a  vaccine  which  he  claims  has  distinct  immunizing  value.  At 
the  International  Conference  on  Health  Problems  in  Tropical 
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America,  held  at  Kingston,  Jamaica,  July  22  to  August  1,  1924, 
Cran  (1924)  expressed  his  belief  that  the  vaccine  has  immuniz- 
ing value  and  that  the  serum  prepared  by  Noguchi  is  also  valu- 
able in  treatment,  if  the  patient  is  injected  w^ith  it  early  in  the 
disease.  This  serum  is  produced  through  the  injection  of  horses 
with  cultures  of  Leptospira  icteroides.  The  serum  is  tested  for 
potency  by  injection  into  guinea  pigs  of  mixtures  of  virulent 
blood  or  organ  suspension  and  immune  serum.  It  is  of  interest, 
from  the  standpoint  of  immunity  as  well  as  from  that  of  the 
specific  role  of  his  organism,  that  Noguchi  has  been  able  to 
demonstrate  the  PfeifFer  reaction,  using  various  strains  of  Lep- 
tospira icteroides  and  the  serum  of  convalescents  from  yellow 
fever. 

Infectious  jaundice, — Infectious  jaundice  is  likewise  caused 
by  a  Leptospira,  SiYid  in  many  ways  the  disease  resembles  yellow 
fever.  It  was  subsequent  to  his  thorough  study  of  infectious 
jaundice  that  Noguchi  isolated  Leptospira  icteroides,  Noguchi 
(1922)  states  that  only  one  author  (Oguro)  has  reported  re- 
lapses in  infectious  jaundice;  they  occurred  in  5  per  cent  of 
Oguro's  cases.  In  man,  as  well  as  in  experimental  animals,  one 
attack  of  the  disease  is  followed  by  lasting  immunity.  There 
seems  to  be  no  record  of  a  second  attack  of  infectious  jaundice 
in  man.  The  blood  serum  of  man  or  of  animals  recovered  from 
the  infection  exhibits  a  high  degree  of  specific  potency  against 
the  organism,  and  the  organism  is  easily  destroyed  by  the  im- 
mune serum.  The  organism  is  agglutinized  by  the  immune 
serum  and  undergoes  lysis,  both  in  vitro  and  in  vivo.  The 
PfeifFer  phenomenon  is  easily  demonstrated. 

Inada,  Ido,  and  others,  in  Japan  (1916),  and  Martin  and 
Pettit,  in  France  (1916,  1917,  1919),  as  also  Noguchi  himself, 
have  produced  specific  immune  serum  high  in  potency  through 
the  injection  of  horses  and  sheep.  There  has  so  far  been  no 
opportunity  to  use  this  serum  for  treatment  in  man. 

Pappatad, — Until  the  demonstration  by  Doerr,  Franz,  and 
Taussig  (1909)  that  pappataci  is  transmitted  by  sand  flies,  it 
had  undoubtedly  been  confused  with  dengue  very  frequently. 
Some  of  the  early  writers,  commonly  credited  with  describing 
dengue,  were  almost  certainly  describing  this  disease. 

Rogers  (1909)  states  that  relapses  have  been  infrequently 
reported,  but  that  immunity  ultimately  results  and  is  commonly 
believed  to  be  permanent.  Natural  immunity  does  not  seem  to 
exist.  Doerr  and  Russ  (1909)  mixed  blood  serum  from  a 
person  who  had  had  pappataci  two  years  before  with  the  virus 
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blood  of  a  patient  in  the  first  twenty-four  hours  of  the  disease 
and  injected  the  mixture  into  a  person  whom  they  believed  to 
be  susceptible;  infection  did  not  result.  They  repeated  the  ex- 
periment, using  as  the  antiserum  the  blood  of  a  person  who  had 
had  pappataci  only  seven  days  before.  In  this  case  protection 
was  not  afforded  by  the  convalescent  serum ;  the  volunteer  came 
down  with  pappataci.  In  other  words,  in  the  brief  interval  of 
seven  days  it  seemed  that  preventive  substances  were  not  yet 
present;  but  they  were  present  two  years  after  the  attack. 

Possibly  we  must  take  this  experiment  of  Doerr  and  Russ  at 
its  face  value;  but  two  years  is  a  long  time  for  immune  bodies 
to  remain  in  the  circulating  blood  and  we  should  require  a 
greater  number  of  cases  before  accepting  the  preventive  value 
of  the  serum  as  established. 

Trench  fever. — An  important  characteristic  of  trench  fever 
clinically  is  its  tendency  to  relapses.  The  American  Red  Cross 
Trench  Fever  Committee  (1918)  noted  many  relapses,  even  after 
prolonged  periods.  In  one  case,  no  evidence  of  active  disease 
had  been  manifested  for  thirty-nine  days ;  in  another,  symptoms 
reappeared  after  a  well  interval  lasting  forty-nine  days ;  another 
had  a  period  of  normal  temperature  for  thirty  days. 

Byam  (Byam  and  Archibald,  3:2129)  says: 

It  is  obvious,  then  that  the  sequelae  of  trench   fever  are  but  a 

CONTINUANCE    OF    THE    DISEASE    AND    EVIDENCE    OF    A    PERSISTENCE    OF    THB 

INFECTION — a  finding  that  must  have  a  far  wider  bearing  on  medicine 
generally,  when  other  neurasthenic  conditions  are  considered,  than  in  the 
field  of  trench  fever  alone. 

The  protracted  convalescence  sometimes  seen  in  dengue  may, 
indeed,  be  due  to  the  continued  presence  of  the  virus  in  the  body 
of  the  patient.  It  would  be  interesting  to  know  whether  or  not 
such  persons  may  be  infective  carriers  of  the  virus.  The  virus 
of  trench  fever  is  present  in  the  circulating  blood,  as  determined 
by  experiment,  during  a  long  period.  Is  this  possibly  also  true 
in  the  cases  of  dengue  with  greatly  protracted  convalescence? 

When  the  trench  fever  patient  finally  recovers  from  the  dis- 
ease a  certain  degree  of  immunity,  of  course,  results.  One  volun- 
teer subject  inoculated  with  20  milligrams  of  known  infective 
louse  excreta  one  hundred  eighty-two  days  after  his  attack  had 
an  entirely  negative  result. 

No  immunity  resulted  from  injections  of  killed  virus,  but 
Byam  (1923)  thinks  the  use  of  subinfective  doses  of  living  virus 
holds  out  brilliant  prospects. 
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Typhus  fever. — It  is  doubtful  whether  or  not  any  persons 
are  naturally  immune  to  typhus  fever.  In  the  London  and 
Glasgow  Fever  Hospitals,  according  to  Arkwright  and  Wilcox 
(Byam  and  Archibald,  3:2085),  all  nurses  not  protected  by  pre- 
vious attacks  contracted  typhus  within  two  or  three  months  after 
commencing  work  during  typhus  epidemics.  Subsequent  attacks 
are  very  rare,  but  they  undoubtedly  do  occur.  Several  inves- 
tigators have  shown  that  convalescents  do  not  suffer  any  ill 
effects  if  infected  lice  are  fed  upon  them.  Many  attempts 
have  been  made  to  demonstrate  the  therapeutic  value  of  the 
blood  serum  of  convalescents,  but  the  results  have  not  been 
strikingly  successful.  The  same  may  be  said  of  the  attempts 
that  have  been  made  to  use  as  a  vaccine  the  blood  from  patients 
taken  at  the  height  of  the  fever.  The  results  have  not  been 
very  encouraging.  Valuable  research  has  been  carried  out  along 
these  hnes  by  Charles  Nicolle  (1920.)  Lebailly  and  Poirson 
(1919)  tried  prophylactic  inoculations,  using  the  serum  of  ty- 
phus patients  or  of  infected  guinea  pigs  after  the  addition  of 
carbolic  acid ;  they  likewise  immunized  horses  with  typhus  virus. 
Their  reports  are  encouraging,  but  the  numbers  of  persons  in- 
jected were  not  large. 

The  agglutination  of  Proteus  X  19  by  the  blood  of  those  suf- 
fering with  typhus  fever  has  positive  diagnostic  value.  There 
seems  to  be  no  reason  why  this  bacillus  should  be  agglutinated 
regularly  by  typhus-fever  serum  and  not  by  the  serum  of  any 
other  infection ;  it  seems  merely  to  be  true.  The .  laboratory 
could  render  valuable  assistance  to  the  clinician  if  a  bacterium 
could  be  found  which  would  react  similarly  with  the  blood  serum 
in  dengue. 

Rocky  Mountain  spotted  fever. — There  is  no  instance  on  record 
of  a  second  attack  of  Rocky  Mountain  spotted  fever  ever  having 
occurred  in  man.  The  immunological  studies  of  which  this  dis- 
ease has  been  the  subject  have  been  productive  of  important 
results.  Ricketts  and  Gomez  (1908)  found  that  guinea  pigs 
could  be  protected  from  Rocky  Mountain  spotted  fever  through 
the  injection  of  the  serum  of  a  recovered  guinea  pig,  even  though 
the  serum  were  injected  two  or  three  days  subsequent  to  the 
injection  of  the  infected  material.  These  investigators  injected 
horses  with  large  quantities  of  virus  blood  from  guinea  pigs  and 
monkeys;  the  resulting  serum  seemed  to  possess  some  neutral- 
izing power  as  compared  with  that  of  horse  serum,  but  its 
potency  evidently  was  not  high.     Noguchi    (1919)   was  unable 
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to  make  a  serum  of  practical  potency  through  the  injection  of 
horses;  he  was  able  to  get  better,  but  not  satisfactory,  results 
by  permitting  infected  ticks  to  bite  horses. 

Noguchi's  best  results  were  obtained  through  the  use  of  rab- 
bits. These  animals  are  susceptible  to  the  infection,  but  usually 
they  are  not  killed  by  it.  After  recovery  they  are  completely 
resistant  and  the  immune  bodies  in  their  blood  can  be  greatly 
increased  by  giving  them,  about  two  weeks  after  recovery,  a 
reenforcing  injection  of  4  cubic  centimeters  of  guinea  pig  virus 
blood.  The  immune  serum  is  drawn  from  the  rabbits  nine  days 
later.  It  is  tested  for  potency  upon  guinea  pigs.  The  theoret- 
ical dose  for  man  would  be  about  16  cubic  centimeters.  So  far 
there  has  been  no  opportunity  to  use  it  practically,  however.  It 
should  be  pointed  out  that  the  method  used  here  is  merely  an 
adaptation  of  that  now  followed  as  a  routine  measure  in  the 
preparation  of  antirinderpest  and  antihog  cholera  serums. 

Tsutsugamushi. — The  immunity  acquired  through  recovery 
from  tsutsugamushi  (Byam  and  Archibald,  3:2149)  is  not  com- 
plete. Second  and  even  third  attacks  in  the  same  individual 
have  been  reported,  although  subsequent  attacks  are  usually  less 
severe  than  the  original.  There  is  no  evidence  of  natural  im- 
munity. The  disease  can  be  transmitted  to  monkeys,  which  are 
rendered  completely  immune  for  at  least  two  or  three  years  fol- 
lowing recovery.  Attempts  have  been  made  to  check  the  devel- 
opment of  the  disease,  or  even  to  diminish  its  severity  through 
the  injection  of  serum  from  immune  monkeys;  but  they  have 
not  been  successful,  and  the  demonstration  of  immunity  prin- 
ciples in  the  serum  of  monkeys  has  not  been  established,  either 
during  the  course  of  the  disease  or  subsequent  to  it. 

DISCUSSION 

This  brief  review  brings  out  clearly  three  facts  which  interfere 
seriously  with  any  hope  we  may  have  entertained  that  a  prophy- 
lactic vaccine  or  curative  serum  of  practical  value  for  dengue  is 
likely  to  result  from  methods  that  have  been  more  or  less  suc- 
cessful in  other  diseases.     These  are — 

1.  The  immunity  that  follows  dengue  is  not  uniformly  of  a 
solid  and  lasting  type. 

2.  No  laboratory  animal  is  known  to  be  susceptible  to  the 
virus,  and  nothing  is  known  with  regard  to  the  ability  of  any 
of  the  animals  to  produce  antibodies  to  the  dengue  virus. 

3.  The  etiological  agent  of  dengue  has  not  been  isolated. 
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Furthermore,  the  indications  are  that  killed  virus  is  incapable 
of  stimulating  the  production  of  active  immunity. 

Since  dengue  is  not  a  fatal  disease,  the  need  for  a  vaccine  or 
antiserum  might  seem  to  be  slight.  However,  when  the  days  of 
disability  caused  by  it  are  considered,  and  the  effect  a  great 
epidemic  might  have  on  a  military  campaign  is  brought  into 
the  discussion,  it  is  clear  that  efforts  to  find  a  means  for  produc- 
ing active  or  passive  immunity  are  fully  justified. 

Until  the  etiological  agent  is  discovered  such  work  as  has  been 
done  with  the  Leptospira  in  yellow  fever  and  infectious  jaundice 
cannot  be  considered.  Without  a  susceptible  animal  the  Rocky 
Mountain  spotted  fever  work  and  the  typhus  work  cannot  be 
duplicated  with  dengue. 

There  remain,  then,  the  attempts  made  with  virus  blood  to 
vaccinate  and  those  made  with  convalescent  serum  to  secure  a 
curative  agent.  Such  work  the  French  Commission  (Marchoux 
and  Simond,  1905)  did  with  yellow  fever,  Doerr  and  Russ 
(1909)  with  pappataci,  and  several  workers  have  attempted  it 
with  most  of  the  other  diseases  the  etiological  agent  of  which 
has  not  been  isolated. 

The  question  now  arises,  shall  we  investigate  the  value  of 
such — almost  empirical — ^methods  or  shall  we  await  the  results 
of  the  next  season's  work  upon  etiology  ? 

If  it  could  be  found,  a  ''Proteus  X  19''  for  dengue  would  be 
valuable. 

At  the  end  of  the  last  season,  when  only  a  few  infective  mos- 
quitoes were  left  (and  most  of  these  were  wanted  for  dissection) , 
a  few  serological  tests  were  made.  One  of  us  (A.  P.  H.)  had 
just  recovered  from  a  moderately  severe  attack  of  dengue.  The 
infection  was  probably  the  result  of  the  bite  of  one  of  our  own 
experimentally  infected  mosquitoes  which  had  escaped. 

Mosquitoes,  known  to  be  infective,  were  ground  up  in  3  per 
cent  caustic  soda.  After  standing  for  two  hours  the  mixture 
was  neutralized  with  hydrochloric  acid  and  the  undissolved 
residue  was  thrown  down  in  the  centrifuge.  With  the  clear 
supernatant  fluid  as  antigen  the  serum  of  A.  P.  H.  was  used  to 
investigate  the  possibility  of  obtaining  by  this  means  a  specific 
precipitin  test  for  dengue.  In  some  tubes  the  two  fluids  were 
brought  into  contact  with  one  another  without  mixing  (ring 
test)  ;  in  others  they  were  mixed.  The  results  were  not  satis- 
factory, but  they  were  sufficiently  encouraging  to  warrant  repe- 
tition when  another  supply  of  infected  mosquitoes  can  be  ob- 
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tained.     Such  an  antigen  might  likewise  be  used  with  the  Bordet 
complement-fixation  test. 

LITERATURE 

In  reviewing  the  statements  made  by  those  who  have  come  in 
actual  contact  with  epidemics  of  dengue,  the  first  inpression  we 
get  is  one  of  high  susceptibility  rate  of  the  average  population 
the  first  time  it  is  attacked.  Our  knowledge  of  mild  attacks 
would  lead  us  to  suspect  that,  when  80  per  cent  of  a  population 
is  affected  so  severely  that  diagnosis  is  made,  practically  no 
individual  escapes  completely. 

Percentage  of  population  attacked, — Bylon,  who  reported  an 
outbreak  of  an  epidemic  disease  in  1870,  stated  that  everybody 
was  attacked.  Sandwith  (1888)  saw  dengue  in  a  group  of 
houses  with  a  total  number  of  occupants  of  one  hundred  eighty- 
two  persons ;  of  these  one  hundred  thirty-seven,  or  75.3  per  cent, 
were  attacked;  later  (1890)  he  stated  that  dengue  often  attacks 
80  per  cent  of  the  population.  Godding  (1890),  in  describing 
an  outbreak  of  dengue  in  1885  on  H.  M.  S.  Dragon,  noted  that 
nearly  80  per  cent  of  the  crew  of  four  hundred  six  men  came 
down  with  dengue.  In  1894  (quoted  by  Cleland,  Bradley,  and 
McDonald,  1916)  dengue  was  prevalent  on  Thursday  Island,  and 
nearly  every  male  and  the  majority  of  the  females  came  down 
with  it.  LeGendre  (1911),  describing  an  epidemic  at  Hanoi, 
stated  that  the  epidemic  affected  the  larger  part  of  the  popula- 
tion, native  and  European. 

In  1885,  in  Austin,  Texas,  alone,  it  is  estimated  that  sixteen 
thousand  out  of  the  population  of  twenty-two  thousand  were  at- 
tacked. Ashburn  and  Craig  (1907)  state  that  seven  of  the 
fourteen  volunteers  who  presented  themselves  for  inoculation 
passed  unhurt  through  an  extensive  epidemic  at  Fort  William 
McKinley,  and  of  these  two  were  absolutely  immune,  three  rela- 
tively immune,  and  one  doubtful.  Of  the  same  number  of 
Hospital  Corps  men  who  had  not  been  exposed  to  dengue,  only 
one  was  immune.  This  would  agree  with  the  supposition  that, 
of  the  50  per  cent  who  seemed  to  have  passed  through  the  severe 
epidemic,  some  had  actually  acquired  immunity  through  mild 
and  unnoticed  attacks  of  dengue. 

Natural  immunity. — There  is  no  definite  evidence  in  the  liter- 
ature which  would  permit  the  supposition  that  natives  of  any 
region  are  naturally  immune.  Sandwith  (1888),  writing  of  a 
time  when  dengue  was  not  endemic  in  Egypt,  says  that  in  a 
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Turkish  harem  where  there  were  twenty  people,  including 
slaves,  all  came  down  with  dengue.  Those  natives  were,  there- 
fore, no  more  immune  than  others;  but,  in  a  mixed  population 
(that  is,  a  population  where  there  are  large  numbers  of  persons 
who  have  migrated  from  an  area  of  endemicity),  a  distinct  dif- 
ference in  susceptibility  is  noted.  Skottowe  (1890)  reported  an 
epidemic  of  dengue  in  the  Fiji  Islands  which  occurred  in  1885. 
He  stated  that  this  was  probably  the  first  visit  of  dengue  to  the 
Islands,  and  that  a  very  high  percentage  of  natives  was  attacked ; 
Indian  and  Melanesian  immigrants  suffered  but  slightly.  In  de- 
scribing a  denguelike  fever  in  Dutch  Guiana,  Bonne  (1918)  stated 
that  three  European  nurses  and  the  European  sailors  in  the  hos- 
pital for  treatment  came  down  with  dengue  within  a  week  or  two, 
whereas  among  one  hundred  native  nurses  and  other  colored 
attendants  there  was  not  a  single  recognizable  case.  He  noted, 
furthermore,  that  mulatto  children  were  not  immune. 

Relapses  and  recurrences. — Rush  (1818)  makes  no  statement 
with  regard  to  immunity  in  the  epidemic  described  by  him; 
there  was  no  opportunity  for  him  to  make  observations  upon  it, 
since  the  disease  lasted  only  one  season.  He  does  say,  however, 
that  "in  this  fever,  relapses  were  very  frequent  from  exposure 
to  rain,  sun,  or  night  air,  and  from  an  excess  in  eating  or 
drinking." 

Kennedy  (1825)  says  that  two  attacks  may  occur  in  one 
month.  Twining  (1826)  observed  that  *'many  suffer  from  re- 
lapses nearly  equal  in  severity  to  the  first  attack,  and  third 
attacks  have  been  seen."  Raye  (1872)  observed  attacks  two 
to  four  weeks  after  the  primary  attack.  Sandwith  (1888)  saw 
at  the  end  of  November,  1887,  two  persons  with  undoubted 
dengue,  both  of  whom  stated  that  they  had  had  a  similar  fever 
two  months  before.  In  the  previous  attack,  however,  the  joint 
pains  were  much  worse.  In  addition  to  these  two  cases,  he 
heard  of  many  others  who  had  second  attacks  during  that  year. 
Many  who  escaped  dengue  in  1880  had  the  disease  again  in  1887. 
Of  twelve  Anglo-Indians  who  were  exposed  to  an  epidemic  of 
dengue  in  India  in  1874,  and  in  Cairo  in  1884,  three  suffered  in 
India,  but  not  in  Egypt ;  one  escaped  in  India  and  got  the  fever 
in  Egypt,  and  the  remaining  eight  were  unattacked  by  either 
epidemic.  Skottowe  (1890)  noted  that  in  the  epidemic  in  the 
Fiji  Islands  in  1885,  recurrences  on  fresh  exposure  were  not 
uncommon. 

Godding  (1890)  states  that  among  those  on  the  Dragon,  there 
was  only  one  case  with  two  relapses,  but  in  eighteen  cases 
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there  were  undoubted  second  attacks,  and  three  had  third  at- 
tacks. 

Experimental  tests  of  immunity. — Ashburn  and  Craig  (1907) 
induced  dengue  in  one  patient  who  said  he  had  had  three  at- 
tacks, the  last,  two  and  one-half  years  previously.  They  knew 
of  a  few  other  cases  which  developed  naturally  after  a  like 
period. 

Cleland,  Bradley,  and  McDonald  (1919)  failed  to  produce 
dengue  by  the  injection  of  dengue  blood  into  two  volunteers  who 
had  had  the  disease  twenty-four  and  two  hundred  twenty-nine 
days  previously. 

SUMMARY   AND   CONCLUSIONS 

This  study  of  immunity  to  dengue  takes  into  consideration  the 
observations  of  others  who  have  recorded  their  findings  during 
and  subsequent  to  epidemics;  it  gives  the  figures  and  certain 
deductions  that  can  be  drawn  from  them  concerning  dengue  in 
military  organizations  stationed  in  Manila ;  it  includes  the  details 
of  actual  tests  for  immunity  to  dengue  in  persons  whose  dengue 
history  was  definitely  known;  and  it  reports  a  series  of  actual 
tests  for  immunity  in  natives  of  an  endemic  area.  All  these 
factors  lead  to  definite  and  homogeneous  conclusions. 

1.  An  attack  of  dengue  is  followed  by  a  period  of  increased 
resistance  to  the  infection,  but  the  duration  of  the  immunity  is 
exceedingly  variable.  Certain  individuals  suffer  relapses ;  others 
have  greatly  protracted  periods  of  convalescence;  others  have 
multiple  attacks,  at  intervals  sometimes  surprisingly  short.  In 
general,  the  statement  seems  justified  that  subsequent  attacks 
are  less  severe  than  the  previous  ones.  In  other  words,  im- 
munity to  dengue  is  not  permanent,  but  diminishes  more  or  less 
rapidly  to  a  degree  which  no  longer  effectively  enables  the  in- 
dividual to  resist  the  infection. 

2.  In  an  area  of  endemicity,  it  is  likely  that  native  children 
suffer  their  first  attack  of  dengue  early  in  life,  and  that  the 
degree  of  immunity  exhibited  later  in  life  is  the  result  of  ac- 
quired immunity  constantly  reenforced  by  frequent  bites  of 
infective  mosquitoes.  In  every  epidemic  season  a  certain  num- 
ber of  native  people  have  clinical  dengue.  These  may  be  persons 
who  develop  immunity  with  difficulty  or  who  return  to  the 
susceptible  state  rapidly,  or  who  have  been  removed  from  in- 
fective mosquitoes  for  a  considerable*  period. 

3.  In  a  region  where  dengue  is  not  endemic,  but  which  is 
visited  periodically  by  epidemics,  the  percentage  of  the  native 
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population  attacked  will  depend  directly  upon  the  period  elapsing 
since  previous  epidemics. 

4.  Our  second  epidemiological  study  indicates  that,  under 
military  conditions  in  Manila,  persons  coming  from  the  United 
States  are  attacked  during  their  first  year  to  the  extent  of  about 
40  per  cent.  Of  those  who  have  had  one  attack,  30  per  cent  may 
expect  a  second;  of  those  who  have  had  two  attacks,  a  certain 
percentage  may  expect  a  third;  a  few  will  have  four  attacks, 
but  our  figures  are  not  sufficiently  large  to  make  a  percentage 
estimate  more  than  suggestive. 

5.  Experimental  inoculations  into  a  group  of  men  who  had 
had  dengue  at  definitely  known  dates,  resulted  in  second  attacks, 
after  intervals  of  53,  55,  86,  98,  and  121  days.  Persons  similarly 
injected  after  32,  40,  46,  48,  50,  53,  60,  67,  68,  69,  74,  90,  and 
94  days  were  found  to  be  immune.  This  experimental  work  con- 
firms the  epidemiological  study  in  showing  the  individuality  of 
the  refractory  periods  which  follow  dengue. 

6.  Injections  of  dengue  virus  into  twenty-nine  Filipino  sol- 
diers revealed  the  fact  that  they  were  all  immune  to  such  ex- 
perimental infection. 

7.  A  review  of  our  knowledge  of  immunity  to  other  diseases 
shows  clearly  that  we  cannot  transfer  any  of  that  knowledge, 
by  inference,  to  dengue;  but  it  does  suggest  a  few  interesting 
lines  of  research. 

PREVENTION  OF  DENGUE 

INTRODUCTION 

The  Aedes  (Stegomyia)  aegypti  mosquito  transmits  dengue 
as  well  as  yellow  fever,  and  the  investigations  made  by  us  show 
that  there  are  many  striking  similarities  in  the  mechanism  of 
transmission  of  the  two  diseases.  The  measures  to  be  adopted 
for  the  eradication  of  both  diseases  are  therefore  identical.  In 
so  far  as  control  measures  are  concerned,  the  high  mortality  rate 
in  yellow  fever  induces  a  population  to  submit  to  the  application 
of  more-drastic  measures,  and  public  opinion  will  approve  more 
readily  the  allotment  of  an  adequate  budget  for  mosquito  control. 
The  prophylactic  measures  for  the  control  of  yellow  fever  and, 
inferentially,  of  dengue,  are  so  well  described  in  text  books  on 
preventive  medicine  and  elsewhere  in  medical  literature  that 
their  repetition  in  detail  in  this  report  is  not  considered  neces- 
sary, and  this  discussion  will  be  limited  to  a  brief  review  of 
those  measures  that  appear  to  us  to  be  of  greatest  practical 
importance. 
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BASIC    PRINCIPLES    UNDERLYING    AEDES    AEGYPTI    CONTROL    MEASURES 

Before  discussing  specifically  the  practical  measures  that  can 
and  should  be  initiated  to  prevent  the  spread  of  dengue,  it  will 
be  well  to  review  briefly  the  principles  on  which  they  are 
founded.     Chief  among  these  are  the  following : 

Available  experimental  and  epidemiological  evidence  indicates  that 
dengue  is  transmitted  from  person  to  person  only  by  the  adult  female  of 
Aedea  aegypti,  and  the  mechanism  of  its  transmission  is  as  follows: 

The  patient  with  dengue  is  infective  to  the  mosquito  for  a  short  time 
previous  to  the  appearance  of  the  first  symptoms  and  during  the  first  three 
days  of  the  disease;  for  a  period  of  ten  days  after  the  virus  has  been 
taken  into  the  body  of  the  insect  it  probably  multiplies  or  passes  through 
developmental  stages  and  not  until  the  eleventh  day  is  the  mosquito 
capable  of  infecting  persons  by  its  bite ;  once  the  mosquito  becomes  infective, 
it  retains  this  characteristic  and  is  capable  of  transmitting  dengue  to 
human  beings  for  a  long  period  of  time,  doubtless  until  its  death;  the 
virus  causing  dengue  apparently  does  not  pass  from  the  infected  female 
mosquito  through  its  eggs  to  the  next  succeeding  generation. 

Dengue  can  spread  in  a  community  only  when  a  combination  of  three 
factors  is  present;  namely,  unscreened  cases  of  dengue  to  which  Aedes 
aegypti  can  gain  access;  Aedes  aegypti  in  such  abundance  as  will  permit 
a  considerable  number  to  become  infected  through  biting  persons  with 
dengue;  and  adequate  numbers  of  susceptible  individuals  exposed  to  the 
bites  of  the  infected  Aedes, 

Aedes  aegypti  is  one  of  the  most  highly  domesticated  of  all  ^mosquitoes, 
and  the  following  facts  relative  to  its  habits  and  life  history  must  be 
appreciated  to  plan  effective  measures  for  its  eradication: 

It  apparently  does  not  hibernate  and  its  natural  habitats  are  tropical 
and  subtropical  countries.  It  can  and  does  make  its  way  to  colder  localities 
during  the  summer  months  and  occasionally  increases  in  numbers  in 
such  localities,  but  the  advent  of  cold  weather  results  in  its  disappearance. 

Its  activities  become  restricted  when  the  temperature  falls  to  QS"*  F. 
(20**  C.)  and,  when  appreciably  lower  temperatures  prevail,  59°  F. 
(15°  C.)  or  less,  it  becomes  sluggish  and  seldom  can  be  induced  to  take 
blood. 

On  account  of  its  adaptation  to  the  habitations  of  human  beings  it 
prefers  to  take  blood  from  man. 

It  is  characteristically  a  day-biter  in  the  Philippines,  and  probably 
throughout  the  world,  taking  blood  between  daylight  and  dusk.  It  may 
occasionally  bite  at  night  in  lighted  rooms,  but  this  is  the  exception  rather 
than  the  rule. 

The  span  of  life  of  the  female  of  this  species  is  dependent  on  the  mul- 
tiplicity of  natural  enemies  present  in  a  givei  locality,  atmospheric  tem- 
perature, weather  conditions,  vigor  of  the  insect  itself,  etc.  Its  average 
length  of  life  probably  does  not  exceed  six  weeks.  Patton  and  Cragg 
(1913)  state  that  under  natural  conditions  it  lives  six  months.  Our  ex- 
perience indicates  that  this  is  the  exception  rather  than  the  rule.  We 
have  kept  females  alive  in  captivity  for  more   than  one  hundred  days 
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and  have  transmitted  dengue  to  man  through  the  bites  of  Aedes  aegypti 
that  had  been  infected  seventy-five  days  previously. 

Because  of  its  highly  domesticated  state,  its  preferential  and,  practi- 
cally speaking,  its  only  breeding  places  are  those  available  in  and  around 
habitations  occupied  by  man.  The  eggs  are  deposited  singly,  usually  in 
batches  of  from  twenty  to  fifty  or  more,  and  oviposition  is  practically 
always  confined  to  collections  of  clear  water.  The  eggs  are  deposited  not 
only  on  the  surface  of  the  water  but  also  along  the  sides  of  the  container 
above  the  water  level  and  they  adhere  closely  thereto.  Not  infrequently 
eggs  laid  on  the  surface  of  water  will  sink  to  the  bottom,  but  this  does 
not  interfere  with  subsequent  hatching.  The  eggs  are  very  resistant  to 
an  unfavorable  environment  and  will  hatch  after  storage  for  several 
months  in  a  dry  place.  When  emptying  vessels  of  water  in  which  there 
are  eggs  or  larvae,  care  must  be  taken  to  insure  the  removal  or  destruction 
of  those  clinging  to  the  sides  or  bottom  of  the  receptacle  before  more 
water  is  added. 

In  a  favorable  environment  the  eggs  hatch  in  two  to  three  days  after 
deposition.  The  time  interval  elapsing  between  the  hatching  of  the  egg 
and  the  emergence  of  the  adult  insect  (free-flying  stage)  depends  altogether 
upon  environmental  conditions;  it  may  be  as  short  as  eight  days  and  may 
extend  to  twenty  days  or  more.  In  the  natural  habitat  of  the  species 
(tropical  and  subtropical  countries),  under  normal  conditions,  the  time 
interval  usually  is  from  eight  to  fifteen  days. 

PREVENTIVE   MEASURES   APPLICABLE    TO    DENGUE 

Methoc^  of  procedure  adopted  for  the  prevention  of  dengue 
should  have  for  their  basis  the  mechanism  of  its  transmission 
by  mosquitoes  and  the  life  habits  of  Aedes  aegypti. 

Given  sporadic  cases  of  dengue,  the  rapidity  and  extent  of 
the  spread  of  the  disease  in  a  community  are  dependent  on  two 
factors;  namely,  the  number  of  nonimmunes  exposed  and  the 
number  of  Aedes  aegypti  present  in  the  locality. 

Preventive  measures  follow  two  lines  of  attack ;  the  first  pre- 
supposes cooperative  effort  on  the  part  of  the  individual,  and 
the  second  is  dependent  on  well-organized  mosquito-control  cam- 
paigns on  the  part  of  public-health  authorities.  The  latter  is 
the  method  of  election ;  but,  because  dengue  is  mild  in  character 
and  has  no  mortality,  it  is  difficult  of  effective  application  be- 
cause of  inadequate  appropriations.  However,  economic  losses 
resulting  from  widespread  epidemics  of  dengue  are  sufficiently 
serious  to  justify  the  allotment  of  adequate  funds  for  the  prose- 
cution of  such  campaigns,  and  public-health  authorities  should 
always  stress  this  point.  In  practice,  and  particularly  in  the 
military  service,  preventive  measures  should  include  both  lines 
of  attack. 


29»i-2  Siler,  Hall,  and  Hitchens:  Dengue  259 

Much  can  be  accomplished  in  the  control  of  epidemics  of  den- 
gue if  the  individual  (including  the  householder)  will  lend  his 
cooperation  in  the  following  respects : 

Persons  with  dengue  should  protect  themselves  from  the  bites  of  Aedes 
aegypti  by  remaining  in  bed  and  under  a  mosquito  net  during  the  first 
three  days  of  their  illness.  If  dengue  is  occurring  epidemically  in  a  com- 
munity an  individual  should  strongly  suspect  dengue  if  he  feels  out  of  sorts, 
has  a  headache,  has  dull,  aching  pains  in  the  back  and  other  parts 
of  the  body,  and  there  is  elevation  of  body  temperature. 

During  epidemics  nonimmune  persons  should  use  mosquito  nets  at  night, 
and  especially  during  afternoon  siestas. 

Houses  in  which  secondary  cases  of  dengue  are  arising  or  have  occurred 
recently  should  not  be  visited. 

When  dengue  is  occurring  in  a  house,  its  occupants  should  make  unusual 
efforts  to  destroy  all  the  mosquitoes  about  the  premises,  by  swatting, 
trapping,  sprays,  etc. 

Householders  should  see  to  it  that  water  is  not  allowed  to  stand  in 
uncovered  receptacles  in  the  house  or  on  the  premises  for  a  period  longer 
than  seven  days  (vases  or  other  containers  for  flowers,  cans  or  basing 
underneath  table  legs,  fire  buckets,  uncovered  water  barrels,  tanks  and 
cisterns,  drip  cans,  roof  gutters,  bottles,  tin  cans,  depressions  in  stumps 
and  plants,  bamboo  joints,  etc.). 

Other  places  where  mosquito  larvae  frequently  occur  are  the  following: 
In  the  Tropics,  where  houses  are  located  very  frequently  in  gardens,  mos- 
quito larvae  are  found  breeding  in  the  leaf  axils  of  such  plants  as  bananas 
and  various  species  of  the  so-called  elephant*s-ear  (Alocasia  sp.) ;  partic- 
ularly during  the  dry  season,  when  it  is  a  common  practice  for  gardeners 
to  water  plants  daily,  the  leaf  axils  of  such  plants  will  retain  some  of  the 
water  that  is  daily  sprayed  over  the  plants,  and  such  water  will  serve 
as  a  breeding  place  for  Aedes  larvae,  when  otherwise  no  standing  water  is 
found  about  the  premises. 

Needless  to  say,  the  preventive  measures  outlined  above  are 
merely  palliative  as,  unfortunately,  active  cooperation  will  be 
forthcoming  from  only  a  limited  proportion  of  even  the  better- 
educated  and  more-intelligent  section  of  the  population.  At 
military  stations  that  are  so  situated  geographically  as  to  consti- 
tute separate  and  concrete  communities,  it  is  possible  to  accom- 
plish much  in  the  control  of  dengue  along  the  lines  indicated 
above ;  the  administration  is  accustomed  to  cooperation,  contacts 
between  the  various  elements  of  the  population  are  close,  and 
information  and  instruction  relative  to  preventive  measures  can 
be  disseminated  effectively  and  rapidly  to  all  its  elements.  The 
method  adopted  for  the  dissemination  of  information  to  military 
personnel  on  duty  in  the  Philippines  is  indicated  in  two  circulars 
of  information  incorporated  in  the  Appendix. 
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In  civil  communities  (cities  and  towns)  the  general  statement 
is  justified  that  epidemics  cannot  and  will  not  be  controlled  unless 
effective  mosquito  control  (antilarval)  projects  are  undertaken 
and  continued  under  intelligent  supervision.  Cooperation  on 
the  part  of  the  individual  as  indicated  in  the  immediately  pre- 
ceding pages  should  be  sought  merely  as  a  supplementary 
measure. 

The  effectiveness  of  mosquito-eradication  campaigns  having 
in  view  the  control  of  dengue  (and  for  that  matter  any  disease 
transmitted  by  mosquitoes)  will  depend  on  the  thoroughness  and 
comprehensiveness  of  organization  of  the  project. 

To  avoid  unnecessary  and  wasteful  expenditure  of  money, 
time,  and  energy  it  is  requisite  that  a  considerable  number  of 
factors  be  given  careful  study  preliminary  to  the  actual  formula- 
tion of  the  plan  of  campaign. 

The  more  important  of  the  points  requiring  consideration  are 
the  following: 

As  to  the  previous  occurrence  of  the  disease  in  the  community,  if  dengue 
has  been  endemic  for  a  number  of  years,  it  may  safely  be  inferred  that  a 
considerable  proportion  of  the  native  population  has  acquired  an  immunity 
of  greater  or  less  degree. 

We  have  observed  in  Manila  that  the  native  racial  groups  show  a  high 
degree  of  immunity  doubtless  resulting  from  frequent  reinfections,  and 
that  dengue  is  confined  very  largely  to  the  newly  arrived  foreigner  (Amer- 
ican or  European)  who  is  nonimmune.  This  observation  also  applies  to 
yellow  fever,  and  undoubtedly  is  true  for  dengue  in  all  tropical  areas 
in  which  it  occurs  endemically.  In  areas  of  endemicity  the  rate  of  flow 
of  the  nonimmune  population  into  the  area  also  should  be  given  considera- 
tion. If  the  rate  of  immigration  is  small,  extensive  outbreaks  are  not 
likely  to  occur,  and  vice  versa.  In  temperate  climates,  in  which  the 
disease  is  not  and  has  not  been  endemic,  the  entire  population  should  be 
regarded  as  nonimmune,  and  epidemics  are  likely  to  be  extensive  and 
of  an  explosive  nature.  Widespread  epidemics  of  this  nature,  involving 
hundreds  of  thousands  of  individuals,  occurred  in  many  of  the  southern 
states  of  the  United  States  of  America  during  1921  and  1922. 

As  a  general  rule  epidemics  are  confined  to  towns  and  cities,  and  this 
factor  requires  consideration. 

Detailed  maps  of  the  town  or  city  are  essential,  and  in  areas  of  en- 
demicity they  should  show  the  residential  sections  occupied  by  the  major 
part  of  the  foreign  element  of  the  population  (nonimmunes).  In  tropical 
cities  such  maps  should  also  indicate  the  parts  of  the  city  in  which  a 
permanent  type  of  construction  for  buildings  predominates  as  distin- 
guished from  construction  of  a  temporary  character  (bamboo  and  thatched 
houses).  Roof  gutters  are  not  used  in  the  construction  of  bamboo  and 
thatched  houses,  and  the  inspection  of  the  exterior  and  surroundings  of 
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such  houses  is  readily  accomplished  by  a   relatively  smaller   number   of 
inspectors  than  would  be  required  for  other  sections. 

Charts  showing  the  daily  rainfall,  humidity,  and  temperature  are  req- 
uisite and,  if  the  information  is  available  from  the  local  weather  bureau, 
they  should  be  plotted  for  preceding  years.  If  the  .  rainfall  is  light 
during  certain  seasons  of  the  year,  it  may  be  found  that  the  amount  of 
water  that  falls  during  some  seasons  is  so  small  and  rain  occurs  at  such 
intervals  that  complete  evaporation  will  occur  in  three  or  four  days. 
During  such  seasons  and  under  such  conditions  it  will  be  impossible  for 
Aedes  aegypti  to  breed  out  in  casual  rain-water  containers  (bottles,  cans, 
etc.),  and  the  inspection  service  should  be  concentrated  on  its  other 
natural  breeding  places.  Temperature  conditions  influence  the  seasonal 
distribution  of  dengue  in  tropical  and  subtropical  countries.  For  example, 
the  dengue  season  in  the  Philippines  extends  from  about  April  to  No- 
vember, and  dengue  occurs  only  sporadically  from  December  to  March. 
In  temperate  climates,  however,  where  the  season  of  high  temperatures  is 
short  and  comparatively  low  temperatures  prevail  throughout  the  winter, 
the  plan  of  a  campaign  to  rid  a  community  of  dengue  may  be  quite 
different  from  that  necessary  in  hot  countries.  For  example,  if  an  epi- 
demic of  dengue  begins  in  the  late  summer  months  in  a  town  or  city  in 
a  temperate  climate,  the  inauguration  of  an  extensive  mosquito-control 
campaign  for  the  remainder  of  that  season  would  involve  the  needless  ex- 
penditure of  funds,  as  it  may  confidently  be  predicted  that  the  epidemic 
will  come  to  an  end  with  the  advent  of  cold  weather. 

Caution  must  be  exercised  in  the  modification  of  general  plans 
for  mosquito-control  work  on  the  basis  of  rainfall  and  temper- 
ature. Careful  studies  of  local  conditions  are  essential,  and 
health  authorities  should  be  sure  of  their  facts  before  discontin- 
uing routine  weekly  inspections  for  collections  of  rain  water 
during  dry  seasons  and  before  eliminating  from  consideration 
the  initiation  of  mosquito-control  campaigns  on  the  basis  of  the 
advent  of  cold  weather. 

Having  made  a  study  of  the  various  factors  enumerated  in  the 
preceding  pages  and  evaluated  the  relative  importance  of  each, 
the  authorities  responsible  for  the  control  of  the  epidemic  are  in 
a  position  to  formulate  the  lines  of  attack  that  give  promise 
of  most  expeditiously  and  most  effectively  bringing  it  to  an  end. 

In  mosquito-eradication  campaigns  cooperation  on  the  part 
of  the  individual,  as  outlined  in  preceding  pages,  should  always 
be  enlisted  to  supplement  the  antilarval  control  measures.  This 
can  be  obtained  only  by  educational  publicity.  Pamphlets  some- 
what similar  to  the  ones  incorporated  in  the  Appendix,  outlining 
the  manner  in  which  the  individual  can  lend  effectual  aid,  should 
be  given  wide  distribution,  supplemented  by  a  series  of  short. 
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carefully  prepared,  popular  newspaper  articles  explaining  some- 
what comprehensively  the  purposes  of  the  campaign.  These 
articles  should  be  written  by  newspaper  writers  rather  than  by 
medical  men,  but  should  be  prepared  under  proper  supervision 
in  order  that  the  most  important  points  may  be  emphasized. 

The  area  to  be  covered  should  be  divided  into  districts  and  if 
necessary  into  smaller  subdivisions,  and  adequate  personnel  (su- 
pervising inspectors,  inspectors,  laborers,  etc.)  allotted  to  each 
subdivision  in  accordance  with  existing  requirements.  Each 
area  must  be  completely  covered  by  the  inspection  service  at 
least  once  a  week.  An  individual  card  should  be  kept  on  file  at 
the  headquarters  of  each  district  for  every  house,  and  on  this  card 
should  be  recorded  the  potential  and  actual  breeding  places  found 
at  the  various  inspections  and  the  steps  taken  to  eliminate  them. 
Consolidated  reports  showing  the  status  of  potential  and  actual 
breeding  places  in  each  district  should  be  submitted  to  the  central 
office  at  weekly  intervals.  These  reports  should  be  consolidated 
at  the  central  office  in  order  that  information  may  be  contin- 
uously available  as  to  the  progress  of  the  work  as  gauged  by 
reduction  in  the  numbers  of  actual  and  potential  breeding  places 
reported. 

House-to-house  inspectors,  before  assignment  to  the  inspection 
service,  should  have  a  comprehensive  knowledge  of  the  breeding 
habits  of  Aedes  aegypti  and  the  steps  to  be  taken  to  eliminate  it; 
namely,  destruction;  emptying  and  oiling  of  water  containers; 
screening  of  tanks,  cisterns,  water  barrels,  etc.;  use  of  fish  as 
natural  enemies;  exercise  of  police  power,  etc.  (See  also  the 
Appendix.) 

Quite  recently  it  has  been  found  that  if  the  usual  and  common 
breeding  places  of  Aedes  aegypti  are  eliminated,  they  will  resort 
to  unusual  and  bizarre  localities  for  deposition  of  eggs,  thus  ren- 
dering more  difficult  their  eradication.  This  characteristic  has 
been  successfully  met  and  overcome  by  deliberately  providing  at- 
tractive breeding  containers  for  them,  allowing  them  to  deposit 
eggs  at  will,  and  emptying  the  containers  at  seven-day  intervals. 

SUMMARY 

1.  Dengue  and  yellow  fever  are  transmitted  by  the  same  spe- 
cies of  mosquito  (Aedes  aegypti) ,  and  the  mechanism  of  trans- 
mission for  both  diseases  is  strikingly  similar.  Epidemics  of 
both  dengue  and  yellow  fever  are  therefore  subject  to  the  same 
control  measures. 
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2.  The  control  of  epidemics  of  dengue  usually  is  accomplished 
by  a  material  reduction  in  the  mosquito  population  of  the  com- 
munity. 

3.  The  mechanism  of  transmission  briefly  is  as  follows:  The 
dengue  patient  infects  mosquitoes  during  the  first  three  days  of 
illness ;  the  infected  mosquito  is  able  to  transmit  the  virus  eleven 
days  after  its  infection;  infected  mosquitoes  remain  infective 
throughout  life;  hereditary  transmission  of  the  virus  does  not 
occur. 

4.  Epidemics  of  dengue  can  occur  only  when  there  are  simul- 
taneously present  cases  of  dengue  fever,  large  numbers  of  Aedes 
aegypti,  and  large  numbers  of  nonimmune  individuals. 

5.  Aedes  aegypti  control  campaigns  must  be  based  upon  a  con- 
sideration of  its  life  habits ;  it  is  one  of  the  most  highly  domes- 
ticated of  mosquitoes;  it  apparently  does  not  hibernate;  it 
disappears  when  the  atmospheric  temperature  falls  appreciably 
below  59°  F.  (15°  C.)  and  remains  there  for  any  great  length  of 
time ;  it  prefers  to  take  blood  from  man ;  it  is  essentially  a  day- 
biter,  but  may  take  blood  at  night ;  its  average  length  of  life,  un- 
der natural  conditions,  is  probably  not  more  than  six  weeks;  it 
breeds  by  preference  inside  human  habitations  and  on  the  prem- 
ises thereof;  it  practically  always  deposits  its  eggs  in  collec- 
tions of  clear  water;  its  eggs,  being  very  resistant  to  an  un- 
favorable environment,  retain  their  vitality  after  storage  in  a 
dry  place  for  several  months;  the  eggs  hatch  normally  in  three 
days  and  the  adult  (free-flying  stage)  emerges  ordinarily  from 
eight  to  fifteen  days  later. 

6.  Dengue-preventive  measures  are  based  on  two  lines  of 
attack;  namely,  cooperative  effort  on  the  part  of  individuals, 
both  sick  and  well,  and  organized  mosquito-control  campaigns 
on  the  part  of  the  public-health  authorities. 

7.  Cooperative  effort  on  the  part  of  individuals  should  include 
the  following  factors:  Patients  should  protect  themselves  from 
the  bites  of  Aedes  aegypti  mosquitoes  during  the  first  three  days 
of  their  illness ;  mosquito  nets  should  be  used  at  night  and  during 
afternoon  siestas;  nonimmune  persons  should  avoid  homes  in 
which  secondary  cases  of  dengue  occur;  householders  should 
destroy  adult  mosquitoes  observed  within  the  house;  water 
should  not  be  permitted  to  stand  in  uncovered  receptacles  in  the 
house  or  on  the  premises  for  a  longer  period  than  seven  days. 

8.  Consideration  should  be  given  to  a  number  of  factors  pre- 
paratory to  the  formulation  of  the  plan  of  campaign.     If  dengue 
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has  been  endemic  for  a  long  period,  many  of  the  natives  will  have 
acquired  more  or  less  immunity,  and  epidemics  usually  are  con- 
fined to  the  newly  arrived  nonimmune  foreigner  from  areas 
where  dengue  is  not  endemic.  If  the  rate  of  flow  of  the  non- 
immune population  is  small,  extensive  outbreaks  are  not  likely 
to  occur,  and  vice  versa.  In  areas  of  endemicity  maps  should  be 
prepared  showing  the  following  data :  Residential  sections  of  the 
major  part  of  the  foreign  nonimmune  element  of  population; 
the  parts  of  the  city  in  which  a  permanent  type  of  construction 
for  buildings  predominates,  as  distinguished  from  construction 
of  a  temporary  character.  Charts  showing  'daily  rainfall,  hu- 
midity, and  temperature  should  be  plotted.  During  certain 
seasons  of  the  year  the  rainfall  will  be  so  low  and  may  evaporate 
so  rapidly  that  it  would  be  impossible  for  the  Aedes  aegypti 
mosquitoes  to  breed  out  in  casual  rain-water  containers. 
During  such  seasons  and  under  such  conditions,  inspections  for 
breeding  places  should  be  concentrated  on  the  other  natural 
breeding  places  of  A.  aegypti.  Temperature  conditions  influence 
the  seasonal  distribution  of  dengue,  and  in  localities  in  which 
the  temperature  falls  below  50°  F.  (10°  C.)  and  remains  there 
for  a  considerable  period  of  time,  epidemics  of  dengue  will  neces- 
sarily end  with  the  advent  of  cold  weather. 

9.  In  carrying  out  antimosquito  campaigns  the  principal  line 
of  attack  should  be  eradication  of  the  breeding  places  (antilarval 
measures),  but  this  should  be  supplemented  by  cooperative  ef- 
forts on  the  part  of  the  individual.  The  active  interest  and 
support  of  a  moderate  proportion  of  the  population  can  be  se- 
cured if  adequate  publicity  of  an  educational  nature  is  carried 
out.  The  area  to  be  covered  should  be  divided  into  districts  and 
adequate  and  competently  trained  personnel  assigned  to  each 
district  as  inspectors.  Inspections  should  be  made  at  intervals 
of  not  more  than  seven  days,  and  weekly  reports  relating  to 
breeding  places  detected  should  be  submitted  and  consolidated 
in  order  that  the  effectiveness  of  the  work  may  be  evaluated. 
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metal  top  covered  with  netting  at  right. 
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on  inner  aspect  of  foot. 
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each  vestibule  having  two  screened  doors. 
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7.  Chart  showing  morbidity  rates  for  dengue,  venereal  diseases,  and 

malaria;  American  troops  in  the  Philippine  Islands,  1904  to 
1924.     Rates  per  1,000  per  annum. 
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Fig.  1.    Lot  of  infected  mosquitoes  feeding   on  experimental   subject.    This   man   developed   den- 
gue.   Mosquitoes   can   be   seen   taking    blood   on    inner  aspect   of  foot. 


Fig.  2.     Stocks  of  infected  mosquitoes.     Breeding  and  reserve  cages  also  shown  on  second  table 

the   reader's    left. 
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Fig.   1.    Volunteers   being   bitten   by   '♦'lots"  of   infected   mosquitoes. 


Fig.    2.     Entrance    to    ward.     Screened    passageway    between    double    vestibules,    each    vestibule 

having   two   screened   doors. 
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SEROLOGICAL  ANALYSIS  OF  LEPERS'  SERA 

By  Otto  Schobl^  and  Jose  Ramirez 

Of  the  Division  of  Biology  and  Serum  Laboratory 
Bureau  of  Science,  Manila 

The  serological  studies  in  leprosy,  as  far  as  evident  from 
the  available  literature,  ^  can  be  divided  into  several  groups. 

The  first  group  includes  specific  immune  reactions  where 
lepers'  sera  and  extracts  or  suspensions  of  leprous  tissues  rich 
in  lepra  bacilli  were  used  for  agglutination,  opsonin,  or  com- 
plement fixation  reactions. 

In  the  second  group  are  reactions  in  which  lepers'  sera  were 
tested  against  nonspecific  antigens  such  as  are  or  were  used  in 
serodiagnosis  of  syphilis  (precipitation  or  complement  fixation) . 

Immune  reactions,  where  acid-fast  bacilli  other  than  Bacillus 
leprx  or  their  extracts  were  used  as  antigen,  make  the  third 
group. 

In  the  fourth  group  belong  reactions  in  which  nonacid-fast 
bacteria  or  their  extracts  were  employed. 

The  fifth  group  comprises  physical  or  physicochemical  tests, 
such  as  the  meiostagmin  and  the  globulin  precipitation  tests. 

Furthermore,  there  are  stray  statements  in  the  literature  on 
serology  of  leprosy  to  which  apparently  little  attention  has 
been  paid  by  the  experimenters.  Such,  for  instance,  are  the 
frequently  found  statements  that  lepers'  sera  are  anticomple- 

^  Member,  Philippine  Leprosy   Research  Board. 

*  Jadassohn,  J.,  Handbuch  der  Pathogenen  Mikroorganismen.  W.  Eolle 
and  A.  v.  Wassermann,  2.  Aufl.   5    (1913). 
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mentary  or  become  so  upon  storage ;  that  lepers'  sera,  like  those 
of  late  syphilitics,  lack  complement,  but  that  the  erythrocytes 
of  the  lepers,  unlike  those  of  late  syphilitics,  show  normal 
susceptibility  to  haemolysis.  These  statements  appear  imma- 
terial at  first  sight,  particularly  because  the  evidence  on  which 
they  are  based  is  either  not  given  in  the  respective  papers  or 
is  insufficient.  Nevertheless,  if  true,  these  findings  may  help 
to  work  out  a  combination  of  nonspecific  reaction  that  might 
be  useful  in  serodiagnosis  of  leprosy. 

The  Wassermann  reaction  was  the  one  most  extensively  in- 
vestigated in  leprosy.  The  majority  of  authors  agree  that  this 
reaction  is  positive  in  leprosy,  in  a  certain  percentage  of  cases 
at  least.  Numerous  authors  give  a  percentage  of  positive  cases 
varying  from  0  to  90  per  cent,  or  over.  The  method  employed 
is  frequently  not  given  in  detail  and  the  number  of  patients 
investigated  is  often  too  small.  Furthermore,  the  fact  remains 
undisputed  that  many  of  the  positive  lepers  may  have  syphilis. 
It  is  reasonable  to  suppose  that,  in  countries  where  leprosy  is 
prevalent,  the  percentage  of  syphilitics  among  lepers  will  be  as 
high  at  least  as  among  nonlepers,  so  that  the  actual  percentage 
of  nonsyphilitic  lepers  who  gave  positive  Wassermann  reaction 
cannot  be  definitely  estimated,  even  in  one  and  the  same  locality, 
because  it  is  impossible  to  eliminate  a  syphilitic  infection  on  the 
mere  denial  of  the  patient,  in  the  absence  of  syphilitic  manifes- 
tations. The  prevalence  of  yaws  in  a  community  further  com- 
plicates the  situation. 

To  illustrate  the  possibility  of  combining  two  or  three  non- 
specific immune  reactions  in  a  diagnosis  of  leprosy,  we  give  the 
following  example. 

There  is  a  statement  quoted  in  the  literature  ^  that  lepers' 
sera,  like  those  of  paralytics,  lack  hsemolytic  complement.  If 
this  be  true,  an  adjuvant  serological  method  would  be  avail- 
able, particularly  in  view  of  another  statement  found  in  the 
literature  *  that  the  red  corpuscles  of  lepers  are  equally  suscep- 
tible to  haemolysis  by  cobra  poison  as  are  those  of  normal  per- 
sons, while  the  red  corpuscles  of  late  syphilitics  (paralytics) 
are  considered  to  be  resistant  to  haemolysis  by  cobra  venom. 
It  is  at  once  evident  that  certain  given  cases,  at  least,  in  which 

^Ellasberg,  J.,  Deutsche  Med.  Wchnschr.  Nr.  44   (1909)   1922. 
*  Jadassohn,  J.,  Handbuch  der  Pathogenen  Mikroorganismen.  W.  Kolle 
and  A.  v.  Wassermann,  2.  Aufl.  5   (1913)   837. 
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suspicious  skin  manifestations  are  found  could  very  probably 
be  differentiated  as  being  lepers  and  not  syphilitics,  or  vice 
versa. 

But  examination  of  the  evidence  for  these  statements  reveals 
that  the  quotation  from  Weil's  article  is  not  correct,  but  that 
the  statement  that  lepers'  sera  lack  complement  is  supported 
by  experimental  evidence;  and  the  contradictory  statement  at- 
tributed to  Duval  in  the  paper  quoted,  that  lepers'  sera  contain 
complement,  lacks  all  experimental  evidence. 

It  would  naturally  seem  that  the  findings  of  Eliasberg  (who 
is  responsible  for  the  statement  that  leper  serum  lacks  com- 
plement) may  probably  stand  in  relation  with  the  statements 
by  other  authors  who  claim  that  leper  serum  is  anticomple- 
mentary, or  becomes  so  on  storage.  Here  again  we  are  search- 
ing in  vain  for  the  details,  such  as  whether  the  sera  were 
stored  with  the  blood  clot  or  without  the  blood  clot,  after  in- 
activation  or  before  inactivation. 

In  view  of  these  contradictory  or  deficient  statements  in  the 
serological  literature  on  leprosy,  and  in  view  of  our  recent 
investigations  ^  we  decided  to  make  a  survey  of  the  serological 
properties  of  leper  sera  as  compared  with  sera  of  normal 
individuals. 

The  present  investigation  has  for  its  objects  to  determine: 

1.  The  content  of  the  normal  complement-hsemolysin  com- 
plex in  the  lepers'  sera  toward  the  red  corpuscles  of  guinea 
pigs,  rabbits,  sheep,  and  goats  as  compared  with  sera  of  normal 
individuals. 

2.  The  hsemolytic  complement  content  of  the  lepers'  sera  as 
compared  with  normal  sera  tested  against  the  antimonkey  and 
antisheep  hsemolytic  system. 

3.  The  keeping  quality  of  the  hsemolytic  complement  in  lepers' 
sera  and  in  normal  sera. 

TECHNIC 

NATURAL  HiEMOLYSIN  AND   NATURAL   COMPLEMENT   CONTENT   IN    NORMAL   AND 
LEPROUS  HUMAN  SERA  TOWARD  RED  CELLS  OF  GUINEA  PIGS 

The  reagents  used  were  fresh  human  sera  and  guinea  pig 
red  blood  corpuscles,  2  per  cent  suspension  in  physiological 
saline  (washed  and  unwashed). 

=  Philip.  Journ.  Sci.  25   (1925)   1. 
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The  preparation  of  reagents  was  as  follows: 

Human  sera. — A  sufficient  amount  of  blood  was  withdrawn 
from  the  cubital  vein  of  the  patient  by  means  of  a  sterile  syringe, 
and  was  then  placed  in  a  sterile  tube  and  allowed  to  clot  at 
room  temperature;  as  soon  as  the  serum  separated  it  was 
pipetted  off  and  centrifuged.  The  lepers'  sera  were  used  not 
later  than  three  hours  after  the  blood  had  been  taken  and  the 
control  sera  were  usually  one  or  two  hours  older  than  the 
lepers'  sera. 

Guinea  pig  red  blood  corpuscles. — These  were  washed  before 
using,  but  in  the  preliminary  titration  unwashed  corpuscles 
were  used  also.  Several  cubic  centimeters  of  blood  were  taken 
from  the  guinea  pig's  heart  by  puncture;  a  part  of  the  blood 
was  placed  in  a  sufficient  amount  of  normal  salt  solution  to 
make  a  2  per  cent  suspension.  The  rest  was  mixed  with  an 
equal  volume  of  sodium  citrate  solution,  centrifuged,  washed 
four  times  with  physiological  salt  solution,  and  a  2  per  cent 
emulsion  in  physiological  salt  solution  was  made. 

Preliminary  tests  to  find  the  approximate  complement  con- 
tent in  normal  human  sera  indicated  that  0.3,  0.2,  and  0.1  cubic 
centimeter  .are  the  desirable  quantities  to  use. 

In  the  actual  test  the  following  amounts  of  fresh  human 
serum  were  used.  To  0.1,  0.2,  and  0.3  cubic  centimeter  of  fresh 
humain  serum  a  sufficient  amount  of  physiological  salt  solution 
was  added  to  make  the  total  volume  1  cubic  centimeter;  then 
1  cubic  centimeter  of  a  2  per  cent  guinea  pig  red  corpuscle 
suspension  was  added,  and  the  tubes  were  incubated  at  37°  C. 
Readings  were  taken  after  fifteen,  thirty,  and  sixty  minutes 
incubation.     Further  details  are  given  in  Table  1. 

NATURAL  HiEMOLYSIN  AND  COMPLEMENT  CONTENT  IN  LEPERS'  SERA  AGAINST 
SHEEP,  GOAT,  AND  RABBIT  RED  CORPUSCLES  AS  COMPARED  WITH  SERA 
OF  NORMAL  PERSONS 

To  0.3  cubic  centimeter  of  fresh  human  serum,  or  to  0.2  cubic 
centimeter  of  human  serum  heated  at  58°  C.  for  a  half  hour, 
a  sufficient  amount  of  physiological  salt  solution  was  added  to 
make  1  cubic  centimeter,  and  0.5  cubic  centimeter  of  a  4  per 
cent  emulsion  of  washed  red  cells  of  the  respective  animals 
was  added.  The  mixture  was  incubated  for  a  half  hour  and 
then  0.5  cubic  centimeter  of  a  0.1  guinea  pig  complement  was 
added  to  the  inactivated  sera,  incubated,  and  read  after  fifteen. 
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thirty,  and  sixty  minutes  at  37°  C,  and  eighteen  hours  in  the 
ice  chest. 

NATURAL  COMPLEMENT  OF  LEPERS'  SERA  AND  ANTIMONKBY  HiEMOLYTIC  SYSTEM 

Fresh  lepers'  sera  were  used  in  the  amounts  of  0.3,  0.5,  and 
0.7  cubic  centimeter,  respectively,  and  the  volume  was  made 
up  to  1  cubic  centimeter  by  adding  physiological  salt  solution. 
One  cubic  centimeter  of  5  per  cent  washed  monkey  red  cor- 
puscles, sensitized  for  thirty  minutes  with  two  units  of  ambo- 
ceptor, was  then  added  and  readings  taken  at  the  intervals  of 
time  indicated  in  Table  4.     Incubation  took  place  at  37°  C. 

THE    KEEPING    PROPERTY    OF    NATURAL    HEMOLYTIC    COMPLEMENT    IN    LEPERS* 
SERA  AND  SERA  OF   NORMAL  PERSONS 

The  serum  was  obtained  in  the  usual  manner  and  the  test 
was  commenced  as  soon  as  the  serum  separated;  that  is  to  say, 
within  two  to  three  hours  after  the  blood  was  withdrawn. 
In  two  test  tubes  were  placed  0.5  and  0.7  cubic  centimeter  of 
the  serum,  respectively,  and  the  total  amount  was  made  up  to 
1  cubic  centimeter  by  the  addition  of  physiological  salt  solu- 
tion. Then  1  cubic  centimeter  of  washed  monkey  red  cells, 
sensitized  with  two  units  of  amboceptor,  was  added.  Incuba- 
tion followed  at  37°  C.  and  readings  were  made  after  fifteen, 
thirty,  and  sixty  minutes  incubation.  Part  of  each  serum  was 
kept  in  the  refrigerator  for  ,twenty-f our  hours,  and  the  test  was 
then  repeated  in  the  manner  just   described. 

THE  RESULTS  OF  THE  EXPERIMENTS 

In  Table  1  the  results  of  tests  of  sera  of  twenty  lepers  and 
twenty  nonlepers  are  given.  It  can  be  seen  that  complete  hae- 
molysis of  guinea  pig  washed  corpuscles  took  place  practically 
in  every  instance  when  0.3  cubic  centimeter  of  lepers'  fresh 
sera  was  used.  When  smaller  quantities  were  employed  indi- 
vidual variations  became  apparent.  It  is  further  evident  that 
the  quantitative  variations  are  more  pronounced  in  the  sera  of 
nonlepers  than  in  those  of  lepers. 

In  Table  2  the  results  of  tests  vdth  twelve  lepers  and  five 
normal  persons  as  to  the  absence  or  presence  of  normal  antisheep 
and  antigoat  haemolysins  and  complement  are  given.  In  the  case 
of  antisheep  and  antigoat  normal  haemolysin-complement  com- 
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plex  the  individual  quantitative  differences  are  more  pronounced 
than  in  the  case  of  guinea  pig  red  cells,  but  they  are  as  pro- 
nounced in  lepers'  sera  as  they  are  in  normal  sera. 

In  Table  3  the  results  of  examination  of  twelve  lepers  and 
seven  normal  persons  are  tabulated.  Comparatively  slight  in- 
dividual variation  in  the  amount  of  antirabbit  normal  haemol- 
ysin  and  complement  were  found  alike  in  lepers'  sera  and  in 
normal  sera.  Agglutination  of  rabbit  red  corpuscles  by  heated 
human  sera,  and  in  a  few  instances  by  unheateS  sera,  took 
place  regularly  without  any  noteworthy  quantitative  differences. 

Table  4  shows  the  results  of  tests  conducted  with  the  view 
to  ascertain  the  existence,  nonexistence,  or  deficiency  of  hsemo- 
lytic  complement  in  fresh  lepers'  sera  as  compared  with  normal 
sera.  Two  units  of  antimonkey  amboceptor  were  used  in  these 
experiments.  By  a  unit  we  mean  the  minimal  amount  of  anti- 
monkey  amboceptor  which  dissolves  completely  1  cubic  centi- 
meter of  5  per  cent  monkey  red  corpuscles  in  thirty  minutes. 
The  antimonkey  amboceptor  was  preferable,  because  it  is  known 
that  human  sera  do  not  contain  antimonkey  normal  hsemolysin. 

Altogether  thirty  lepers  and  eight  controls  were  subjected  to 
this  test.  Quantitative  variations  of  the  natural  complement 
in  lepers'  sera  and  in  normal  human  sera  alike  are  evident 
from  Table  4.  In  one  instance  of  lepers'  sera  (55)  there  was 
no  haemolysis  at  all,  due  to  the  strong  agglutination  of  red 
corpuscles.  When  antisheep  hsemolytic  system  was  used  and 
fresh  human  serum  as  complement  (Table  5)  haemolysis  was 
more  constant  and  the  individual  variations  were  slighter. 
This  is  not  surprising,  in  view  of  the  fact  that  fresh  human 
serum,  which  served  as  complement  in  this  test,  contains  be- 
sides complement  also  natural  antisheep  amboceptor.  Again 
we  failed  to  find  any  difference  between  lepers'  sera  and  normal 
human  sera. 

Six  lepers'  sera  and  three  normal  human  sera  were  used 
in  the  test  for  keeping  quality  of  human  natural  hsemolytic  com- 
plement. The  lepers'  sera  incidentally  showed  low  complement 
content.  Stored  at  9°  C,  the  sera  that  showed  high  com- 
plement content  decreased  more  than  did  those  that  showed  low 
content  of  the  hsemolytic  complement.  Lepers'  sera  and  normal 
human  sera  behaved  practically  the  same  way  in  this  respect. 

SUMMARY  AND  CONCLUSIONS 

Ninety-two  lepers  were  examined  serologically  with  the  view 
to  deciding  certain  doubtful  points  in  the  serology  of  leprosy. 
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The  question  of  complement  and  natural  haemolysin  content  in 
lepers'  sera  toward  guinea  pig,  sheep,  goat,  and  rabbit  red 
cells  was  investigated.  The  content  of  hsemolytic  complement 
and  its  keeping  quality  in  the  lepers'  sera  were  studied,  anti- 
sheep  and  antimonkey  immune  hsemolysin  having  been  used  in 
these  tests. 

Slight  individual  differences  were  found  to  exist  in  lepers' 
sera  and  In  normal  human  sera  alike  as  to  content  of  natural 
hsemolysins  and  complement,  but  no  distinct  quantitative  dif- 
ferences were  found  between  the  sera  of  lepers  and  those  of 
normal  persons.  The  amount  of  hsemolytic  complement  in  the 
lepers'  sera  was  found  to  be  the  same  as  that  in  the  sera  of 
nonlepers  and  is  subject  to  individual  variations. 

As  to  the  keeping  quality  of  the  natural  hsemolytic  com- 
plement, it  was  found  that,  in  proportion  to  the  original  titer, 
the  complement  decreased  practically  at  the  same  rate  in  the 
sera  of  lepers  as  it  did  in  the  sera  of  normal  individuals. 

In  the  tables  in  this  paper,  the  following  symbols  are  used: 

±  =  trace  of  haemolysis. 
+  =  weak  haemolysis. 
+  +  =  moderate  haemolysis. 
+  -}-+  =  strong  haemolysis. 
+  +  +  +  =  very  strong  haemolysis. 
—  =  no  haemolysis. 
0  =  not  done. 
?  =  unknown. 
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Table  5. — Showing  the  results  of  tests  for  natural  complement  of  lepers* 
sera  and  antisheep  hsemolytic  system,. 


No.  and  name  of 
patient. 


Lepers: 


84,  D.  V. 


85,  A.  M. 


86,  A.  G. 


87,  P.  C  - 


88,  D.  Z_ 


9,  P.  L. 


90.  S.  C_ 


91,  S.  S. 


92,  S.  S- 


93,  M.  M_ 


Form  of  leprosy. 


Macular  tubercular 


Macular- . . 


Macular  tubercular 


Macular  . 


.do. 


Duration  of 
treatment. 


Three  months.. 


Four  months. 


Six  months. 


Macular  tubercular 


-do- 


_do_ 


-do- 


Tubercular  anaesthetic. 


(?) 


(?) 


(?) 


Two  weeks, 


Three  weeks. 


One  week.. 


Six  weeks. 


unt  of 
um. 

Haemolysis 
in  thirty 
minutes. 

c. 
0.1 

+  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+ 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  +  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  +  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

— 

0.2 

+  + 

0.4 

+  +  +  + 

0.6 

+  +  H-  + 

0.8 

+  +  +  + 

0.1 

+  +  +  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  +  + 

0,2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  + 

0.2 

+  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  +  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  + 

0.2 

+  +  +  + 

0.4 

+  +  +  + 

0.6 

+  +  +  + 

0.8 

+  +  +  + 
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Table  5. — Showing  the  results  of  tests  for  natural  complement  of  lepers' 
sera  and  antisheep  hsemolytic  system — Continued. 


No.  and  name  of 
patient. 

Form  of  leprosy. 

Duration  of 
treatment. 

Amount  of 
serum. 

Haemolysis 
in  thirty 
minutes. 

Lepers: 

cc. 

0.1 

+  +  + 

0.2 

•  +  +  +  + 

94,  S.  R 

I^acular  tubercular 

Two  weeks 

0.4 

+  +  +  + 
+  +  +  + 

0.6 

0.8 

+  +  +  -f 

0.1 

+  +  + 

0.2 

+  +  +  + 

95,  S.  C 

do 

Three  weeks 

0.4 
0.6 

+  +  +  + 
+  +  +  + 

0.8 

+  +  +  + 

Controls: 

0.1 
0.2 

+  +  +  + 
+  +  +  + 

1,  p.  c 

0.4 
0.6 

+  +  +  + 
+  +  +  + 

0.8 

+  +  -f  + 

0.1 

+  +  +  + 

1 

0.2 

+  +  +  + 

2,  D 

0.4 
0.6 

+  +  +  + 
+  +  +  + 

.         0.8 

+  +  +  + 

0.1 

+  +  + 

0.2 

+  +  +  + 

3,  Dr.  S 

0.4 
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+  +  +  + 
+  +  +  + 
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+  +  +  + 
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"~ 
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+ 

4,  Dr.  R 
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+  +  +  + 
+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  + 

0.2 

+  +  +  + 

5,  B.  A— 

0.4 
0.6 

+  +  +  + 
+  +  +  + 

0.8 

+  +  +  + 

0.1 

+  +  + 

0.2 

+  +  +  + 

6,  A.  R_ 

0.4 
0.6 
0.8 

+  +  +  + 
+  +  +  + 
+  +  +  + 
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EFFECT  OF  CASTRATION  UPON  PULLING  POWER  AND 
ENDURANCE  IN  GUINEA  PIGS 

By  Manuel  D.  Sumulong 

Of  the  College  of  Veterinary  Science,  University  of  the  Philippines 
Los  Banos,  Laguna 

INTRODUCTION 

The  question  as  to  what  effect  castration  (complete  and  arti- 
ficial removal  of  sex  glands  in  the  male)  has  on  the  pulling 
power  and  endurance  of  an  animal  has  received  very  little  at- 
tention. The  experiments  here  reporteid  were  carried  out  in 
an  attempt  to  gain  some  information  on  the  subject;  they  were 
planned  to  supplement  my  previous  work.  (7)  The  data  fur- 
nished by  the  present  study,  though  perhaps  not  conclusive, 
especially  as  to  other  animals,  may  be  valuable  as  reference  for 
further  investigation  along  this  line. 

Concerning  the  influence  of  castration  upon  the  endurance  and 
strength  of  work  animals  in  pulling  loads,  two  decidedly  opposite 
views  have  prevailed,  and  they  still  prevail,  among  Filipino  live 
stock  owners.  According  to  some,  castrated  animals  are  gen- 
erally stronger  than  entire  animals  and  have  more  endurance  in 
pulling  loads ;  others  hold  that  the  effect  of  castration  is  exactly 
the  reverse.  The  belief  that  removal  of  the  testes  lowers  the 
strength  and  endurance  of  animals  in  performing  labor  consti- 
tutes one  of  the  reasons  why,  in  the  Philippines,  castration  is 
objected  to  by  many  owners. 

From  a  survey  of  the  available  literature  bearing  on  the  in- 
fluence of  castration  in  experimental  animals,  made  in  connection 
with  preparation  of  the  paper  on  the  effects  of  the  operation 
in  immature  guinea  pigs,  (7)  it  was  found  that  the  attention  of 
investigators  has  been  focused  principally  upon  the  structural 
changes  that  other  endocrin  glands  undergo  after  the  operation, 
and  on  determining  what  functional  relation  exists  between 
the  sex  glands  and  other  members  of  the  endocrin  system, 
particularly  in  regard  to  the  full  physical  development  of  the 
body  and  of  the  sexual  characteristics.  In  work  animals,  so 
far  as  I  am  aware,  no  systematic  study  has  been  carried  out 
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to  determine  the  changes,  if  any,  incident  to  the  operation,  and 
castration  in  such  animals  is  performed  primarily  for  two  eco- 
nomic reasons:  According  to  Thompson, (8)  to  render  the 
animals  more  docile  and  easy  to  manage;  and  according  to 
Shaw,  (4)  to  render  them  sterile  so  that  selection  for  breeding 
purposes  can  be  made  easily. 

Search  of  the  literature  failed  to  give  substantial  information, 
even  on  experimental  animals,  concerning  the  effect  of  cas- 
tration on  the  animal's  endurance  and  pulling  power.  The 
only  investigators  who  refer  to  the  subject  are  Shimamura 
and  Matsuba;(5)  their  paper  contains  the  following  statements: 
"The  castrated  animals  were  generally  stronger  in  pulling 
weight.  The  inferiority  of  the  pulling  power  in  the  controls 
may  probably  be  due  to  their  restless  behaviour.'' 

On  horses  Hays's  (2)  personal  observation  is  perhaps  worthy 
of  notice.     He  states  in  part  that — 

*  *  *  entires,  which,  as  a  rule  have  heavier  necks  than  geldings,  do 
not,  when  they  are  employed  at  fast  paces,  stand  as  much  work,  retain  their 
form  as  long,  or  get  into  galloping  condition  as  quickly  as  those  which 
have  been  added  to  the  list  [referring  to  the  geldings  added  to  the  list 
of  horses  employed  at  one  time  in  England  in  steeple-chasing  and  racing]. 
*  *  *  I  think  that  the  majority  of  trainers  will  agree  with  me  in 
saying  that  geldings  not  only  stand  fast  work  better  than  entires,  but 
also  recover  more  quickly  from  injuries  of  the  fore  leg. 

Fish,(l)  in  his  recent  paper  concerning  the  effect  of  cas- 
tration upon  the  nutrition,  growth,  and  power  of  resistance  of 
goats,  states  that  castration  does  not  seem  to  reduce  the  gelding's 
"stamina  or  ability"  to  work.  Perhaps  it  will  be  of  interest 
to  add  here  his  assertion,  based  upon  findings  in  experiments 
on  one  female  and  three  male  goats,  that  the  resistance  of  the 
animal  against  disease  is  lowered  by  the  operation.  The  fol- 
lowing is  one  of  the  conclusions  he  arrived  at  in  his  study: 

The  interstitial  secretion  represents  an  important  element  of  growth 
factor.  Its  loss  weakens,  in  time,  the  nutritive  processes  and  ultimately 
the  power  of  resistance  so  that  when  exposed  to  pathological  and  un- 
sanitary conditions,  animals  suffering  this  loss  are  more  likely  to  be 
affected. 

MATERIALS  AND  METHODS 

In  the  present  study  48  litters  with  a  total  of  107  male 
guinea  pigs,  representing  59  castrates  and  48  controls,  were 
employed.  Forty-four  of  these  animals  were  from  the  same 
series  used  in  the  previous  experiments.  (7)  Mention  may  be 
made  here  that  both  the  test  and  the  control  animals  were 


29,3         Sumulong:  Effect  of  Castration  in  Guinea  Pigs        329 

from  the  same  litter,  and  with  the  exception  of  litters  14,  15, 
and  20  in  Group  III,  arid  litters  23,  25,  and  27  in  Group  IV, 
which  were  castrated  at  the  age  of  six  months,  all  the  test 
animals  were  operated  upon  at  the  age  of  six  weeks.  The  tech- 
nic  of  the  operation  and  other  matters  pertaining  to  the  care  of 
the  castrated  and  the  control  animals  were  fully  discussed  in 
my  previous  report.  (7) 

The  method  used  in  determining  the  pulling  power  of  the 
animals  operated  upon  and  those  not  operated  upon,  in  every 
litter,  consisted  of  making  each  animal  pull  a  load  on  a  level 
cement  floor.  A  simple  slide  box  was  used  as  the  sledge  with 
metric  weights  as  the  load;  the  weights  were  added  gradually 
until  the  animal  could  no  longer  move  the  box  with  its  utmost 
muscular  exertion.  The  weight  of  the  box  plus  the  weights 
constituted  the  maximum  pulling  power  of  each  animal.  It 
may  be  mentioned  here  that  it.  takes  some  time  and  considerable 
patience  to  start  guinea  pigs  pulling  a  load;  unless  they  are 
frightened  and  driven  toward  a  corner  or  a  dark  place  where 
another  guinea  pig  is  tied,  they  will  not  pull.  In  the  beginning 
Chatillon's  improved  spring  balance  was  tried  in  several  cases, 
but  its  use  was  given  up  because  the  result  obtained  thereby 
was  inaccurate,  its  lowest  denomination  being  expressed  in 
terms  of  only  100  grams.  In  every  case  the  body  weight  was 
determined  before  the  animal  was  subjected  to  the  pulling 
operation. 

To  find  out  the  power  of  endurance  of  castrated  and  non- 
castrated  guinea  pigs  the  length  of  time  necessary  to  rerider 
each  animal  fatigued  was  determined.  For  this  the  very  simple 
method  of  Strongman  (6)  in  bringing  about  exhaustion  in  white 
mice  was  used.  Both  the  castrated  and  the  control  animals 
in  each  litter  were  placed  at  the  same  time  in  water  contained 
in  an  animal  jar,  39  centimeters  in  height  and  41.5  centimeters 
in  diameter,  and  they  were  allowed  to  swim  until  they  showed 
signs  of  fatigue.  The  water  was  deep  enough  so  that  the 
animals  could  not  touch  the  bottom  of  the  jar  with  the  hind 
feet  when  in  a  perpendicular  position.  The  animals  were  con- 
sidered fatigued  when  they  assumed  a  perpendicular  position 
with  just  the  tip  of  the  nose  emerging  above  the  surface  of  the 
water,  and  remained  more  or  less  stationary  in  such  position 
near  one  side  of  the  jar. 

In  all  cases  both  the  castrated  and  the  control  animals  were 
handled  in  a  similar  manner  and  under  the  same  conditions. 
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It  seems  reasonable,  therefore,  to  assume  that  the  possible 
errors  in  the  processes  of  determining  the  pulling  power  and 
endurance  of  each  individual  animal  are  insignificant  and  need 
not  be  considered  in  the  interpretation  of  the  results  of  the 
present  experiments. 

RESULTS  OF  EXPERIMENTS 

To  facilitate  the  presentation  and  discussion  of  the  results 
of  that  part  of  the  experiments  concerning  the  effect  of  cas- 
tration upon  pulling  power,  the  litters  were  divided,  according 
to  age,  into  eight  groups.  The  records  of  both  the  test  and  the 
control  animals  in  each  group  with  reference  to  their  body 
weight,  pulling  power,  and  difference  between  body  weight  and 
pulling  power  are  given  in  Table  1.  The  percentage  of  excess 
that  may  be  noted  in  the  table  represents  how  much  heavier 
than  the  actual  body  weight  is  the  maximum  load  that  each  ani- 
mal can  pull.  It  is  computed  by  dividing  the  difference  between 
the  body  weight  and  the  maximum  pulling  power  by  the  animal's 
body  weight.  The  differences  of  the  percentages  of  excess  in 
favor  of  the  castrated  or  noncastrated  animals  in  each  group  are 
as  follows : 

Group  I  (animals  sixteen  weeks  old). — Of  the  five  castrated 
animals  in  this  group  only  three  show  a  higher  percentage  of 
excess  than  the  corresponding  controls ;  in  litter  1  castrates  1  and 
2  are,  respectively,  3.82  and  9.76  higher,  and  in  litter  2  the 
excess  percentage  is  18.14.  The  controls  in  litters  3  and  4  are 
7.38  and  1.07  higher  than  their  corresponding  castrates. 

Group  II  (animals  thirty  weeks  old). — In  this  group  four 
of  the  ten  animals  operated  upon  slightly  surpass  the  corre- 
sponding controls  in  percentage  of  excess,  the  difference  being 
0.31  in  litter  7;  12.6  in  litter  9;  4.21  in  litter  11;  and  1.46  in 
litter  13.  The  differences  of  percentages  of  excess  in  favor  of 
the  controls  are  0.53,  2.71,.  9.05,  3.21,  8.21,  and  8.73  in  litters 
5,  6,  8,  10,  and  12. 

Group  III  (animals  forty  weeks  old.) — Only  three  of  the 
eight  castrated  animals  in  this  group  show  higher  percentages 
of  excess  than  do  the  controls.  They  exceed  the  controls  by 
3.99  in  litter  16 ;  2.23  in  litter  19 ;  and  18.41  in  litter  20.  The 
controls,  on  the  other  hand,  in  litters  14,  15,  17,  and  18  surpass 
their  respective  castrates  by  11.74,  16.58,  0.38,  31.10,  and  38.10. 
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Group  IV  (animals  forty-four  weeks  old). — In  this  group 
five  of  the  ten  castrates  show  higher  percentages  of  excess  than 
do  their  controls,  the  differences  being  4.14,  29.36,  0.52,  1.45, 
and  14.68  in  litters  21,  22,  23,  and  27.  The  other  five  castrates 
are  surpassed  by  their  controls  by  10.38,  2.08,  12.71,  8.14,  and 
7.28  in  litters  21,  24,  25,  26,  and  27.  It  will  be  noted  in  Table 
1  that  in  this  group  not  all  of  the  three  castrated  animals  in 
litter  21  surpass  the  control  in  percentage  of  excess,  for  one 
is  10.38  lower  than  the  control.  Likewise,  in  litter  27,  one  of 
the  two  castrated  animals  is  7.28  lower  than  the  control,  and 
the  other,  14.68  higher. 

Group  V  (animals  forty-eight  weeks  old). — Two  of  the  six 
test  animals  here  have  in  their  favor  0.37  and  6.3  per  cent 
more  than  their  controls  in  litters  28  and  29,  respectively.  The 
other  four  test  animals  are  9.14,  30.75,  0.44,  an'd  23.35  per  cent 
below  the  controls  in  litters  29,  30,  31,  and  32.  In  litter  29 
one  of  the  two  castrates  is  9.14  lower  than  its  control  and  the 
other,  6.3  per  cent  higher. 

Group  VI  (animals  fifty  weeks  old) . — In  this  group  only  one 
of  the  five  castrated  animals  shows  lower  percentage  of  excess 
than  the  control,  and  that  is  in  litter  34,  where  the  castrate  is 
surpassed  by  the  control  by  11.32.  The  remaining  castrates 
are  33.34,  0.27,  37.66,  and  14.5  higher  than  the  corresponding 
controls  in  litters  33,  35,  36,  and  37. 

Group  VII  (animals  fifty -three  weeks  old), — Of  the  seven 
test  animals  in  this  group  five  are  17.2,  32.78,  0.33,  3.85,  and 
30.68  per  cent  higher  than  the  controls.  The  other  two  are 
1.94  and  0.44  per  cent  lower  than  the  controls  in  litters  38 
and  41,  respectively.  In  this  group  also  the  test  animals  in 
litters  where  there  is  more  than  one  castrate  do  not  show  uni- 
form results,  the  percentage  of  excess  of  one  of  the  three 
castrates  in  litter  38  being  surpassed  by  that  of  the  control. 
The  same  is  true  in  the  case  of  litter  44,  in  which  there  are 
two  castrates. 

Group  VIII  (animals  fifty-seven  weeks  old), — In  this  group 
the  differences  of  percentages  of  excess  in  favor  of  the  four 
castrates  are  23.1,  17.26,  13.9,  and  21.62  in  litters  42,  45,  46, 
and  48,  whereas  those  in  favor  of  the  controls  are  7.93,  21.91, 
3.01,  and  10.95  in  litters  42,  43,  44,  and  47.  In  litter  42  one 
of  the  two  castrates  is  lower  than  the  control  and  the  other  is 
higher. 
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TABLE  1. — Showing  the  actual  body  weight,  the  percentage  of  excess,  and 
the  maximum  pulling  power  of  the  individual  animals. 

GROUP    I    (ANIMALS    SIXTEEN    WEEKS    OLD). 


Litter 
No. 

Animals. 

1 

Castrated- 
de- 

control    _     _         - 

2 

Castrated. 
Control 

3 

Castrated- 
Control. 

4 

Castrated- 
Control 

3ight. 

Maximum 
pulling 
power. 

Difference 

between  body 

weight  and 

pulling 

power. 

Excess. 

gms. 

gms. 

Per  cent. 

423 

636 

213 

50.35 

421 

658 

237 

56.29 

447 

655 

208 

46.53 

333 

550 

217 

65.13 

366 

538 

172 

46.99 

390 

605 

215 

55.12 

400 

650 

250 

62.50 

459 

678 

219 

47.71 

453 

674 

221 

48.78 

GROUP  II   (ANIMALS  THIRTY  WEEKS  OLD). 


5 
6 

7 
8 

9 
10 
11 
12 
13 


Castrated... 

Control 

Castrated- 

Control 

Castrated-. 

Control 

Castrated— 


_do. 


Control 

Castrated- 

Control 

Castrated-. 

Control 

Castrated— 

Control 

Castrated— 

Control 

Castrated— 
Control 


722 
611 
788 
695 
835 
762 
759 
731 
747 
737 
694 
678 
618 
672 
712 
786 
746 
860 
815 


1,400 
1,188 
1,414 
1,266 
1,468 
1,338 
1,238 
1,235 
1,286 
1,107 
958 
1,274 
1,212 
1,310 
1,358 
1,380 
1,375 
1,530 
1.438 


678 
577 
626 
571 
633 
576 
479 
504 
539 
370 
264 
596 
594 
638 
646 
594 
629 
670 
623 


93.90 
94.43 
79.44 
82.15 
75.80 
75.59 
63.10 
68.94 
72.15 
50.20 
38.04 
87.90 
96.11 
94.94 
90.73 
75.57 
84.30 
77.90 
76.44 


GROUP   III    (ANIMALS    FORTY   WEEKS    OLD). 


15 
16 
17 
18 
19 
20 


Castrated-. 
do.._- 


Control 

Castrated-. 

Control 

Castrated- 

Control 

Castrated.. 

Control 

Castrated.. 

Control 

Castrated.. 

Control 

Castrated— 
Control 


795 
787 
798 
789 
732 
712 
726 
931 
762 
882 
683 
783 
822 
746 
871 


1,318 
1,265 
1,415 
1,256 
1,168 
1,268 
1,264 
1,465 
1,436 
1,388 
1,335 
1,332 
1,380 
1,357 
1,424 


522 

65.57 

478 

60.73 

617 

77.31 

467 

59.18 

436 

59.56 

556 

78.09 

538 

74.10 

534 

57.35 

674 

88.45 

506 

57.36 

652 

95.46 

549 

70.11 

558 

67.88 

611 

81.90 

553 

63.49 
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Table  1. — Showing  the  actual  body  weight,  the  percentage  of  excess ,  and 
the  maximum  pulling  power  of  the  individual  animals — Continued. 

GROUP  IV    (AmMALS  FORTY-FOUR  WEEKS  OLD). 


Litter 
No. 


21 

22 
23 

24 
25 
26 

27 


Animals. 


Castrated-. 
do.__. 


do.._. 

Control 

Castrated-. 

Control 

Castrated.. 

Control 

Castrated.. 

Control 

Castrated-. 

Control 

Castrated-. 

Control 

Castrated- - 
do.._. 


Control- 


Body  weight. 

Maximum 
pulling 
power. 

gms. 

gms. 

910 

1.558 

726 

1,426 

867 

1,355 

856 

1,430 

798 

1,408 

810 

1,425 

798 

1,577 

731 

1,434 

783 

1,386 

775 

1,388 

825 

1,375 

785 

1,408 

899 

1,544 

860 

1,547 

741 

1,408 

795 

1,336 

746 

1,308 

Difference 

between  body 

weight  and 

pulling 

power. 


648 
700 
488 
574 
610 
615 
779 
703 
603 
613 
550 
623 
645 
687 
667 
541 
562 


Excess. 


Per  cent. 
71.19 
96.41 
56.67 
67.05 
76.44 
75.92 
97.61 
96.16 
77.01 
79.09 
66.66 
79.37 
71.74 
79.88 
90.01 
68.05 
75.33 


GROUP  V    (ANIMALS  FORTY- EIGHT  WEEKS  OLD). 


28 
29 

30 
31 
32 


33 
34 
35 
36 
37 


Castrated-. 

Control 

Castrated. 
do.._. 


Control 

Castrated.. 

Control 

Castrated- 

Control 

Castrated-. 
Control 


865 

1,388 

847 

1,356 

781 

1,452 

664 

1,337 

746 

1,455 

873 

1,240 

757 

1,308 

998 

1,398 

975 

1,370 

882 

1,456 

739 

1,400 

523 

60.46 

509 

60.09 

671 

85.91 

673 

101.35 

709 

95.05 

367 

42.03 

551 

72.78 

400 

40.07 

395 

40.51 

583 

66.09 

661 

89.44 

GROUP    VI    (ANIMALS    FIFTY    WEEKS    OLD). 


Castrated.. 

Control 

Castrated.. 

Control 

Castrated- 

Control 

Castrated.. 

Control 

Castrated.. 
Control 


794 

1,340 

796 

1,078 

862 

1,534 

774 

1,465 

852 

1,408 

859 

1,417 

751 

1,366 

893 

1,288 

933 

1,540 

1,117 

1,704 

546 
282 
672 
691 
556 
558 
615 
395 
607 
587 


68.76 
35.42 
77.95 
39.27 
65.25 
64.98 
81.89 
44.23 
65.05 
52.55 
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Table  1. — Showing  the  actwcul  body  weight,  the  percentage  of  excess ,  and 
the  maximwm  pulling  power  of  the  individual  animals — Continued. 

GROUP  VII   (ANIMALS  FIFTY-THREE  WEEKS  OLD), 


Litter 

No. 


39 

40 
41 


Animals. 


Castrated.. 
do.... 


do.... 

Control 

Castrated.. 

Control 

Castrated.. 

Control 

Castrated.. 

do.... 

Control 


Body  weight. 


gms. 


944 
742 
875 
889 
837 
825 
788 
776 
773 
833 
781 


Maximum 
pulling 
power. 


gms. 
1,718 
1,466 
1,425 
1,465 
1,420 
1,390 
1,518 
1,465 
1,510 
1,368 
1.286 


Difference 

between  body 

weight  and 

pulling 

power. 


774 
724 
550 
576 
583 
565 
730 
689 
737 
535 
505 


Excess. 


Per  cent. 
81.99 
97.57 
62.85 
64,79 
69.65 
69.32 
92.63 
88.78 
95.34 
64.22 
64.66 


GROUP  VIII    (ANIMALS  FIFTY-SEVEN  WEEKS  OLD). 


43 

44 
45 
46 

47 
48 


Castrated- 
do...- 


Control 

Castrated  _. 

Control 

Castrated.- 

Control 

Castrated— 

Control 

Castrated— 

Control 

Castrated.. 

Control 

Castrated— 
Control 


796 
673 

1,468 
1,450 

785 

1,510 

885 

1,424 

803 

1,468 

1,045 

1,566 

978 

1.495 

838 

1,365 

868 

1,264 

824 

1,368 

802 

1,220 

888 

1,560 

785 

1,465 

914 

1,512 

1,126 

1,618 

672 

84.42 

777 

115.45 

725 

92.35 

539 

60.90 

665 

82.81 

521 

49.85 

517 

52.86 

527 

62.88 

396 

45.62 

544 

66.01 

418 

52.11 

672 

75.67 

680 

86.62 

598 

65.42 

493 

43.80 

In  the  part  of  the  work  concerned  with  determining  what  in- 
fluence castration  has  upon  endurance,  only  21  litters,  repre- 
senting 24  castrates  and  ^21  controls,  were  used.  The  animals 
in  the  litters  were  from  forty  to  fifty-seven  weeks  of  age,  and 
they  were  distributed  as  follows : 

Group  III,  litters  14,  15,  16,  and  17. 
Group  IV,  litters  24,  25,  and  26. 
Group  V,  litter  32. 
Group  VI,  litters  35  and  36. 
Group  VII,  all  the  litters. 
Group  VIII,  all  the  litters. 

The  data  obtained  in  this  part  of  the  experiments  are  re- 
ported in  Table  2.     It  will  be  noted  in  Table  2  that  only  10 
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of  the  24  castrated  animals  recorded  slightly  longer  time  than 
did  their  corresponding  controls  before  they  showed  signs  of  fa- 
tigue. The  length  of  time  varied  not  only  in  the  majority  of 
the  litters  but  also  in  both  the  castrated  and  the  control  animals. 
The  variation  ranged  from  ten  to  forty-four  minutes  in  the 
castrates,  and  from  thirteen  to  fifty  minutes  in  the  controls. 

Table  2. — Showing  the  length  of  time  necessary  to  fatigue  guinea  pigs. 


Litter  No. 

Age  in 
weeks. 

Time  in  minutes. 

Excess  in 

favor  of — 

Castrate. 

Control. 

Castrate. 

Control. 

14 

40 
40 
40 
40 
44 
44 
44 
48 
50 
50 
53 

53 
58 
53 

57 
57 
57 
57 
57 
57 
57 

10 
18 
33 
29 
34 
44 
40 
42 
15 
24 
30 
35 
15 
35 
24 
26 
26 
13 
27 
30 
26 
30 
42 
29 

27 
13 
35 
18 
23 
18 
50 
30 
15 
32 
27 
27 
27 
37 
32 

17 

15 

5 

16      

2 

17 

11 
11 
26 

24_   .  .- 

25 

26  -.        .    --  

10 

32 

12 

35 

36 

8 

38 

3 

8 

39 

12 
2 
8 

40 

41 

42 



35 
23 
30 
26 
29 
25 
39 
22 

9 

10 

3 

43_      

44 

4 

45 

3 

46 

5 
3 

7 

47 

48 

DISCUSSION  OP  RESULTS 

Examination  of  the  data  given  in  Table  1,  as  well  as  the  dif- 
ferences of  percentages  of  excess  reported  under  each  group, 
shows  that  the  present  experiments  have  brought  out  some  points 
which  had  not  been  worked  out  heretofore.  To  begin  with,  the 
load  that  guinea  pigs — castrated  or  noncastrated — can  pull  is 
much  heavier  than  their  actual  body  weight.  The  percentage 
of  excess  varies  considerably,  not  only  in  animals  from  different 
litters,  but  also  in  different  individuals  of  the  same  litter.  The 
evidence  furnished  by  the  present  study  seems  to  point  to  the 
conclusion  that  age  has  no  apparent  effect  upon  the  relation 
between  the  pulling  power  and  the  animaPs  body  weight. 
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As  will  be  noted  below,  the  percentages  of  the  castrates  that 
surpass  the  controls,  or  vice  versa,  in  regard  to  the  maximum 
pulling  power  in  proportion  to  the  body  weight,  are  very  far 
from  being  uniform  in  different  litters. 

Group    I:  Per  cent. 

Castrates  60.00 

Controls  50.00 

Group  II: 

Castrates  40.00 

Controls  66.66 

Group  III: 

Castrates  37.50 

Controls  71.42 

Group  IV: 

Castrates  50.00 

Controls  71.42 

Group  V: 

Castrates  33.33 

Controls  80.00 

Group  VI: 

Castrates  80.00 

Controls  20.00 

Group  VII: 

Castrates  71.42 

Controls  50.00 

Group  VIII: 

Castrates  50.00 

Controls  57.14 

When  the  difference  between  the  highest  and  the  lowest  per- 
centages of  excess  is  taken  to  constitute  the  percentage  varia- 
tion, it  will  be  noted  that  the  percentage  variations  of  both  the 
castrated  and  the  control  animals  do  not  agree  in  different 
groups,  as  will  be  observed  in  the  following : 

Group  I: 

Castrates,  65.13  minus  47.71  equals  17.42. 

Controls,  62.50  minus  46.63  equals  15.97. 
Group   II: 

Castrates,  94.94  minus  50.20  equals  44.74. 

Controls,  96.11  minus  38.04  equals  58.07. 
Group  III: 

Castrates,  81.90  minus  57.35  equals  24.55. 

Controls,  95.46  minus  59.56  equals  35.90. 
Group  IV: 

Castrates,  97.61  minus  56.67  equals  40.94. 

Controls,  96.16  minus  67.05  equals  29.11. 
Group  V: 

Castrates,  101.35  minus  40.07  equals  61.28. 

Controls,  95.05  minus  40.51  equals  54.54. 
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Group  VI: 

Castrates,  81.89  minus  62.05  equals  16.84. 

Controls,  89.27  minus  35.42  equals  53.85. 
Group  VII: 

Castrates,  97.57  minus  62.85  equals  34.72. 

Controls,  88.78  minus  64.66  equals  24.12. 
Group  VIII: 

Castrates,  115.45  minus  49.85  equals  65.60. 

Controls,  92.35  minus  43.80  equals  48.55. 

The  foregoing  data  seem  to  indicate  that  age  has  no  bearing 
upon  the  percentage  variation.  When  the  extremes  of  the 
percentage  variation  in  the  castrated  and  the  control  animals 
in  various  groups  are  compared,  it  will  be  noted  that  the  cas- 
trates and  the  controls  practically  coincide  as  far  as  variation 
is  concerned,  the  ranges  in  the  former  being  from  16.84  to  65.60 
and  in  the  latter,  from  15.97  to  58.07  per  cent. 

By  further  referring  to  Table  1  it  will  be  observed  that  even 
in  litters  having  more  than  one  test  animal  there  are  instances 
in  which  not  all  the  castrates  surpass  the  controls  with  respect 
to  capacity  of  pulling  load  in  proportion  to  body  weight.  In 
other  words,  not  all  the  castrated  animals  belonging  to  the  same 
litter  can  always  exert  equal  force  in  pulling  a  load  that  is 
heavier  than  that  which  the  control  is  able  to  pull  under  the 
same  circumstances. 

In  Table  3  are  given  the  averages  of  body  weight,  maximum 
pulling  power,  and  percentages  of  excess  of  both  the  castrated 
and  the  control  animals  in  different  groups.  When  the  general 
averages  of  the  percentages  of  excess  given  in  Table  3  are  com- 
puted, they  will  be  found  to  be  69.9  for  the  animals  castrated 
and  68.08  for  those  that  are  entire.  That  is,  on  the  average, 
the  castrated  animals  can  pull  a  load  that  is  69.9  per  cent 
heavier  than  their  body  weight,  and  the  controls,  one  that  is 
68.08  per  cent  heavier.  It  is  evident,  therefore,  that  there  is 
a  difference  of  1.82  per  cent  in  favor  of  the  castrates.  How- 
ever, this  difference,  when  the  wide  ranges  of  variation  of 
percentages  of  excess  in  the  noncastrated  animals  are  taken  into 
account,  does  not  seem  to  indicate  that  it  constitutes  an  after 
effect  of  the  operation.  As  a  matter  of  comparison,  it  may  be 
worth  while  to  mention  here  the  capacity  of  the  horse  for 
work.  According  to  Paton,(3)  the  force  that  a  horse  can  exert 
on  a  steady  pull  on  a  level  road  is  75  per  cent  of  its  body 
weight;  on  a  level  road  a  total  weight — ^vehicle  plus  load — of 
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two  and  one-half  to  four  and  one-half  times  the  weight  of  the 
animal  can  be  pulled  at  a  walking  pace. 

Table  3. — Showing  the  averages  of  body  weight,  maximum  pulling  power, 
and  percentages  of  excess  at  different  ages. 


Number  of  animals  used. 


Group  I: 

Five  castrates 

Four  controls 

Group  II: 

Ten  castrates 

Nme  controls 

Group  III: 

Eight  castrates- _ 
Seven  controls.  _. 

Group  IV: 

Ten  castrates 

Seven  controls.  _ 

Group  V: 

Six  castrates 

Five  controls 

Group  VI: 

Five  castrates 

Five  controls 

Group  VII: 

Seven  castrates.. 
Four  controls 

Group  VIII: 

Eight  castrates.. 
Seven  controls.  _ 


Age. 


Weeks. 
16 


30 


53 


Average 
body 
weight. 


gms. 
405 
416 

756 
711 

803 
770 

814 
794 

843 
810 

838 
887 

827 
817 

857 
878 


Average 

maximum 

pulling 

power. 


Difference 

between 

body 

weight  and 

pulling 

power. 


625 
629 


1,335 
1,268 


1,331 
1,346 


1,437 
1,420 


1,380 
1,377 


1,437 
1,390 


1,489 
1,401 


1,464 
1,434 


gms. 
220 
213 

579 

557 

528 
576 

623 
626 

537 
567 

599 
503 

662 
584 

607 
556 


Excess. 


Per  cent. 
54.32 
51.20 

76.58 
78.34 

65.75 

74.80 

76.53 

78.84 

63.70 
70.00 

71.47 
56.70 

80.04 
71.48 

70.82 
63.32 


Computing  from  the  data  given  in  Table  2,  it  will  be  found 
that  the  average  length  of  time  necessary  to  fatigue  the  ani- 
mals is,  in  round  numbers,  twenty-eight  minutes  in  the  cas- 
trates and  twenty-seven  in  the  controls;  that  is,  a  difference  of 
one  minute  in  favor  of  the  castrates.  Taking  into  account  the 
wide  ranges  of  variation*  in  the  number  of  minutes  both  in  the 
castrates  and  in  the  controls  and  the  fact  that  the  ranges  almost 
coincide,  being  from  ten  to  forty-four  minutes  in  the  castrates 
and  from  thirteen  to  fifty  minutes  in  the  controls,  it  seems  quite 
reasonable  to  conclude  that  castration  does  not  alter  the  power 
of  endurance  in  guinea  pigs.  The  results  obtained  in  this  part 
of  the  work  are  quite  contrary  to  expectation ;  because,  in  spite 
of  being  quiet  and  steady  (not  jumping  much)  in  swimming, 
the  castrated  animals,  on  the  average,  show  signs  of  fatigue 
after  the  same  length  of  time  as  do  the  controls. 
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CONCLUSIONS 

From  the  evidence  brought  out  by  the  experiments,  the  fol- 
lowing conclusions  can  be  drawn : 

1.  The  maximum  load  that  guinea  pigs  can  pull  on  a  level 
surface  is  much  heavier  than  the  body  weight;  it  seems  that 
age  does  not  influence  the  relation  between  the  pulling  power 
and  the  body  weight  of  the  animal. 

2.  On  the  average,  the  load  that  the  guinea  pig  can  pull  is, 
discarding  fractions,  68  per  cent  heavier  than  the  animal's  body 
weight. 

3.  The  capacity  for  pulling  load  is  not  modified  by  castration 
in  guinea  pigs,  either  before  or  after  the  age  of  puberty. 

4.  In  as  much  as  in  castrated  animals  the  percentages  of 
excess,  in  the  majority  of  the  cases,  fall  within  the  extremes 
of  variation  of  those  of  the  controls,  the  very  high  or  very  low 
percentages  of  pulling  power  in  proportion  to  body  weight 
that  may  be  observed  in  certain  litters  are  not  considered  in- 
cident to  the  operation;  but  they  may  be  attributed  to  some 
other  factors  peculiar  to  the  individual  animal. 

5.  In  spite  of  the  feminine  attitude  and  temperament  de- 
veloped as  a  consequence  of  castration,  the  endurance  in  cas- 
trated guinea  pigs,  at  least  in  swimming,  apparently  remains 
unaltered  after  the  operation. 
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THE  FLORA  OF  BANGUEY  ISLAND 

By  Elmer  D.  Merrill 
Of  the  University  of  Calif orniu,  Berkeley 

ONE    TEXT    FIGURE 

Banguey  and  Balambangan  Islands  are  situated  a  few  miles 
north  of  Inarutang  Point  at  the  extreme  northeastern  corner 
of  Borneo  off  the  entrance  to  Marudu  Bay.  The  strait  separat- 
ing Banguey  from  Borneo  proper  is  shallow,  with  a  maximum 
depth  of  from  25  to  40  meters,  and  is  about  11  kilometers  in 
width.  Balabac  Strait,  separating  these  islands  from  Balabac, 
the  most  western  part  of  the  Philippines,  is  about  50  kilometers 
wide  and  has  a  maximum  depth  of  64  fathoms. 

I  have  found  no  records  of  any  botanical  material  having 
been  collected  on  Banguey  previous  to  1922,  when  Mr.  D.  D. 
Wood,  conservator  of  forests,  British  North  Borneo,  prepared 
a  small  collection  containing  representatives  of  twenty-six  spe- 
cies. This  collection  has  been  enumerated  by  me.^  Through 
Mr.  Wood's  interest  very  much  more  extensive  collections  have 
become  available  to  me  for  study,  these  having  been  made  by 
Messrs.  P.  Castro  and  F.  Melegrito,  two  Filipino  rangers  in  the 
employ  of  the  British  North  Borneo  Forestry  Department.  A 
preliminary  examination  of  this  material  indicated  that  it  was  of 
more  than  passing  interest  and  accordingly  the  following  enum- 
eration has  been  prepared. 

Banguey,  or  Banggi,  Island  comprises  an  area  of  approxim- 
ately 98,700  acres ;  the  topography  in  general  is  irregular,  with 
numerous  hills  and  ranges  and  separating  narrow  valleys.  The 
highest  elevation  is  about  570  meters  so  that,  as  far  as  the 
vegetation  is  concerned,  we  have  to  deal  only  with  a  lowland 
flora,  elements  characteristic  of  Malaysian  mountains  with  al- 
titudes of  700  to  800  meters  and  above  being  entirely  absent. 

Head  ranger  Jose  Agama,  of  the  British  North  Borneo 
Forestry  Department,  examined  the  island  in  1922  and  reported 
about  58  per  cent  of  the  land  area  to  be  covered  with  virgin 
forest;  25  per  cent,  with  noncommercial  forest;  15  per  cent, 

'Philip.  Journ.  Sci.  24   (1924)   113-116. 
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Fig.  1.    Banguey  and  Balambangan  Islands. 
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with  mangrove  swamp;  and  2  per  cent,  with  brush  land  and 
cultivated  land,  the  cultivated  areas  comprising  less  than  0.02 
per  cent  of  the  total  area  of  the  island.  From  Mr.  Agama's 
report  it  is  manifest  that  the  delimitation  of  the  commercial 
and  noncommercial  forests  and  brush  lands,  here  as  elsewhere 
in  Malaysia,  is  largely  due  to  the  primitive  agriculture  prac- 
ticed by  the  sparse  population,  which  consists  of  Dusuns,  with 
a  few  Bajaus  along  the  coast.  These  primitive  people  practice 
a  very  crude  type  of  agriculture;  they  clear  the  land,  burn  the 
debris,  plant  crops  for  a  season  or  two,  and  then  abandon  the 
clearing  and  prepare  a  new  one — a  type  of  agriculture  widely 
practiced  in  the  Malay  Archipelago  and  one  that  is  very 
destructive  to  the  forest  resources. 

Together  with  the  Banguey  collection  the  few  specimens 
collected  by  Messrs.  Castro  and  Melegrito  on  the  neighboring 
island  Balambangan  are  enumerated.  This  island  is  only  about 
one-third  as  large  as  Banguey  and  is  separated  from  the  latter 
by  a  strait  about  5  kilometers  wide.  It  differs  from  Banguey 
in  having  in  its  eastern  half  considerable  areas  of  open  grass- 
land ;  this  fact  probably  indicates  a  somewhat  drier  climate  than 
exists  in  Banguey,  or  at  least  a  more  strongly  pronounced  dry 
season  in  the  eastern  part  of  the  island.  On  these  islands  the 
rainfall,  judged  by  the  neighboring  Kudat  records,  averages 
somewhat  over  80  inches  per  annum  and  is  rather  evenly  dis- 
tributed through  the  year,  although  rains  are  more  frequent  in 
November  to  February,  the  period  of  the  northeastern  monsoon, 
than  at  other  times. 

Balambangan  is  of  historical  interest  because  here  was  es- 
tablished the  first  British  settlement  in  Borneo.  The  British 
East  India  Company's  flag  was  formally  planted  in  Balam- 
bangan in  1763,  the  year  that  Manila  was  captured  by  the 
British.  Ten  years  later  a  settlement  was  definitely  established, 
only  to  be  utterly  destroyed  by  the  Joloano  Moros  in  1775  with 
great  loss  to  the  company.  The  settlement  was  reestablished  in 
1803  but,  as  it  was  expensive  to  maintain  it  and  there  was 
little  prospect  of  its  being  of  immediate  advantage  to-  the  com- 
pany, it  was  abandoned  the  following  year.^ 

The  vegetation  of  these  islands  is  not  essentially  different 
from  that  of  contiguous  parts  of  Borneo  and  neighboring  parts 

^  Rutter,  0.,  British  North  Borneo.  An  account  of  its  history,  re- 
sources and  native  tribes    (1922)    93-95. 
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of  the  Philippines.  Although  twenty  species  are  described  as 
new  in  this  paper,  it  is  highly  improbable  that  all  of  them  are 
actually  confined  to  the  island.  Most  of  them  will  doubtless 
be  found  in  neighboring  parts  of  Borneo  proper,  as  botanical 
exploration  progresses,  and  some  will  probably  be  found  in  those 
parts  of  the  PhiHppines  nearest  Banguey;  namely,  Balabac, 
Bugsuk,  and  southern  Palawan. 

About  four  hundred  ten  species  are  represented  in  the  material 
available  for  study  and  of  the  four  hundred  seventy-five  indi- 
vidual numbers  I  have  succeeded  in  identifying,  at  least  to  the 
genus,  all  but  two  specimens,  one  of  which  is  sterile  and  the 
other  in  fruit  only.  It  is  doubtful  if  the  number  of  species 
indicated  above  now  definitely  known  from  Banguey  represents 
more  than  one-third  or  perhaps  one-fourth  of  those  that  actually 
occur  there,  for  the  material  on  which  this  paper  is  based  was 
collected  incidental  to  other  work  and  no  claim  is  made  for 
completeness.  Mr.  Agama  in  his  forest  reconnaissance  and 
land  classification  report  on  Banguey  Island  records  such  genera 
of  trees  as  Pterospermum,  Octomeles,  Dialum,  Shorea,  Koom- 
passia,  Pterocarpus,  Toona,  Palaquium,  Vatica,  Planchonia, 
Koordersiodendron,  and  Artocarpus,  genera  that  are  not  rep- 
resented in  the  actual  botanical  collections  so  far  made  on 
the  island. 

In  reference  to  floristic  relationships  we  can  eliminate  from 
consideration  about  sixty  species  which  represent  weeds  and 
various  cultivated  forms,  as  these  are  all  introduced  species; 
the  strand  plants  should  also  be  eliminated  from  consideration. 
The  real  relationships  of  the  Banguey  flora,  as  is  the  case  with 
that  of  other  islands  in  Malaysia,  should  be  estimated  from  the 
indigenous  species,  chiefly  those  occurring  in  the  primary  forest. 

About  seventy  species  are  represented  which  were  previously 
known  only  from  the  Philippines,  including  the  following : 

Areca  mammillata  Becc.  Tetrastigma  loheri  Gagnep. 

Orania    paraguanensis    Becc.  Columella  pterita  Merr. 

Pycnarrhena  elliptica  Diels.  Leea  negrosensis  Elm. 

Mitrephora     williamsii     C.     B.  Elaeocarpus  cumingii  Turcz. 

Rob.  Rinorea  glandulosa  Merr. 

Connarus  stellatus  Merr.  Casearia  polyantha  Merr. 

Atalantia  disticha  Merr.  Emhelia  philippinensis  A.  DC. 

Chisocheton  pentandrus  Merr.  Diospyros  fasciculiflora  Merr. 

Aglaia  cumingiana  Turcz.  Psychotria  membranifolia  Bartl. 

Drypetes  littoralis  Merr.  Vemonia  pyrrhopappa  Schulz-Bip. 
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Some  of  these  species  were  previously  known  only  from  those 
parts  of  the  Philippines  geographically  nearest  to  Borneo,  such 
as  Balabac,  Palawan,  the  Sulu  Archipelago,  and  eastern  Min- 
danao, but  many  are  of  wide  Philippine  distribution. 

About  sixty  species  previously  known  to  occur  in  Borneo 
proper,  but  which  are  not  known  to  occur  in  the  Philippines, 
are  represented,  such  as  the  following : 

Lepironia  mucronata  L.  C.  Rich.  Wormia  subsessilis  Miq. 

Calamus  javenaia  Blume.  Euthemis  leucocarpa  Jack. 

Pandanus      basilocularis      Mar-  Ryparosa  oligophlehia  Merr. 

telli.  Rhodamnia  cinerea  Jack. 

Bromheadia  finlay  s  oniana  Maha  punctata  Hiern. 

Reichb.,  f.  Fagraea  spicata  Baker. 

Cosdnum  sp.  Uncaria  ferrea  DC. 

Whitfordiodendron         nieuwen-  Tvmonius  flavescens  Baker, 

huisii  Merr.  Gaertnera  vaginans  Merr. 

Chaetocarpus         castanocarpus  Melothria  affinis  King. 

Thw. 

It  is  noteworthy  that  no  representatives  of  the  genera  Lepiro- 
nia, Bromheadia,  Prainea,  Cosdnum,  Chaetocarpus,  Euthemis, 
Rhodamnia,  and  Gaertnera  are  known  from  the  Philippines. 

Two  genera,  Soulamea  and  Paranephelium,  are  not  known 
from  either  Borneo  proper  or  the  Philippines,  the  former  being 
an  eastern  Malaysian  genus  and  the  latter  a  western  Malaysian 
one.  Species  in  other  genera  known  from  neither  Borneo  proper 
nor  the  Philippines  are  Crataeva  macrocarpa  Kurz  and  Homa- 
Hum  foetidum  Benth. 

A  detailed  study  of  the  Banguey  flora  shows  it  to  be  remark- 
ably intermediate  between  that  of  the  Philippines  and  that  of 
Borneo.  The  list  of  species  that  occur  there  and  that  were 
previously  known  only  from  the  Philippines  is  surprisingly 
long;  and,  while  the  list  of  those  previously  known  from  Borneo 
is  somewhat  shorter,  it  is  more  impressive  on  account  of  the 
fact  that  no  less  than  eight  genera  are  represented  which,  so 
far  as  is  known  at  present,  do  not  occur  in  the  Philippines. 
As  would  be  expected  from  the  geographic  position  of  the  island, 
the  Banguey  flora  shows  definite  affinities  with  both  Borneo  and 
the  Philippines.  However,  the  fact  must  not  be  overlooked 
that  the  entire  region  has  been  very  inadequately  explored,  and 
many  of  the  Banguey  species  are  certain  to  occur  in  Borneo 
proper,  and  many  may  be  expected  to  occur  in  Balabac  and  in 
southern  Palawan.     It  is  well  known  that  Balabac,  Palawan, 
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and  the  Calamian  group  in  the  Philippines  lie  on  the  same 
continental  shelf  that  carries  Sumatra,  Java,  and  Borneo,  and 
that  during  Pleistocene  times  these  islands  were  connected  with 
Borneo.  As  would  be  expected  from  this  geologic  history,  they 
are  biologically  more  a  part  of  Borneo  than  of  the  Philippines 
proper. 

Twenty-one  species  are  described  as  new  in  this  paper,  and 
undoubtedly  a  few  undescribed  forms  are  represented  among 
those  which  I  have  referred  merely  to  their  genera  because 
of  lack  of  complete  material;  one  of  the  latter  may  well  rep- 
resent an  undescribed  genus.     The  new  species  are  as  follows : 

Scindapsits    longistipitatus,  Sterculia  castroi. 

Forrestia  laxiflora,  Saurauia  melegritoi, 

Pleomele  bangueyensis.  Dipterocarpus  caudiferus. 

Tacca  angustUohata,  Diptero carpus    woodii, 

Castanopsis  woodiL  Taraktogenos    anomala. 

Prainea  multinervia.  Hydno  carpus  yatesii, 

Macaranga  pearsonii.  Begonia  subnummularifolia. 

Galearia   dolichobotrys.  Kopsia  parvifoUa. 

Codmeum  affine.  txora  tenelliflora. 

Durio  acuminatissimus,  Psychotria  bangueyensis. 
Sterculia  pearsonii. 

For  all  practical  purposes  Banguey  Island  is  a  part  of  Bor- 
neo. Assuming  that  it  is  a  part  of  Borneo,  the  present  study 
adds  (including  the  forms  herein  described  as  new)  approx- 
imately one  hundred  species  to  the  list  of  those  definitely  recorded 
from  Borneo. 

In  preparing  this  enumeration  I  have  not  given  citations  to 
the  original  place  of  publication  of  the  individual  species  except 
in  the  cases  where  the  species  have  not  previously  been  re- 
corded from  Borneo.  I  have,  for  each  species  previously  known 
from  either  the  Philippines  or  Borneo,  or  both,  added  references 
to  my  two  large  publications  on  Borneo  and  the  Philippines.  ^ 
In  those  publications  literature  references,  synonyms,  geo- 
graphic distribution,  etc.,  are  given  for  each  species. 

The  original  set  of  specimens  on  which  this  paper  is  based 
is  deposited  in  the  Herbarium  of  the  University  of  California. 
Fairly  complete  duplicate  sets  have  been  sent  to  the  Forestry 

*  A  bibliographic  enumeration  of  Bornean  plants,  Journ.  Straits  Branch 
Roy.  As.  Soc.  Special  Number  (1921)  1-637.  An  enumeration  of  Phil- 
ippine flowering  plants,  Bur.  Sci.  Publ.  18:  1  (1922-25)  VII,  1-463;  2 
(1923)   1-530;  3  (1923)  1-628;  4,  in  press. 
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Department,  Sandakan,  British  North  Borneo,  and  to  the 
Bureau  of  Science  in  Manila,  and  the  remaining  material  will 
be  sent  to  the  larger  herbaria  in  Europe,  Asia,  and  the  United 
States. 

PTERIDOPHYTA 

POLYPODIACE^ 

Genus  NEPHROLEPIS  Schott 

Nephrolepis  hirsutula  (Forst.)    Presl. 

Nephrolepis  hirsutula    (Forst.)    Presl,   Tent.  Pterid.    (1836)    79. 
No,  1575,  without  data.     Pantropic. 

SCHIZAEACE^ 

Genus  LYGODIUM  Swartz 

Lygodium  circinnatum    (Burm.)    Sw. 

Lygodium  circinnatum  (Burm.)   Sw.,  Syn.  (1806)  153. 

No,  1578,  without  data.  Tropical  Asia  through  Malaysia 
to  tropical  Australia. 

Genus  SCHIZAEA  Smith 

Schizaea  dichotoma  (Linn.)   Sm. 

Schizaea  dichotoma  (Linn.)   Sm.,  in  Mem.  Acad.  Turin  5  (1793)   422. 

No.  1775,  from  Balambangan  Island,  in  forests;  local  name, 
sabintid.  Tropical  Asia  to  Madagascar,  through  Malaysia  to 
tropical  Australia  and  Polynesia. 

OPHIOGLOSSACE^ 

Genus  HELMINTHOSTACHYS  Kaulfuss 

Helminthostachys  zeylanica  (Linn.)  Hook. 

Helminthostachys  zeylanica  (Linn.)  HoOK.,  Gen.  Fil.   (1840)   t,  Jf,7. 

No.  161i,  in  forests  at  low  altitudes.  Tropical  Asia  through 
Malaysia  to  tropical  Australia  and  New  Caledonia. 

LYCOiPODIACE^ 

Genus  LYCOPODIUM  Linnseus 
Lycopodium  cemuum  Linn. 

Lycopodium  cernum  Linn.,  Sp.  PI.  (1753)  1103. 

Nos,  H61,  1769,  the  latter  from  Balambangan  Island,  in 
swampy  places  and  on  open  slopes.     Pantropic. 
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ANGIOSPERM^E 
MONOCOTYLEDONE^ 

PANDANACE^ 
Genus  PANDANUS  Rumphius 
Pandanus  tectorius  Sol. 

Pandanus  tectorius  Sol.;  Merr.,  Enum.  Born.  PL*   (1921)   36;  Enum. 
Philip.  Fl.  PI.  1    (1922)   21. 

No.  1695,  along  the  seashore.  A  typical  strand  plant  of  the 
Old  World  Tropics,  extending  from  India  to  southern  China 
southward  and  eastward  to  tropical  Australia  and  Polynesia. 

Pandanus  basilocularis  Martelli. 

Pandanus  basilocularis  Martelli;  Mere.,  Enum.  Born.  PI.    (1921)   35. 
No.  1484',  along  the  seashore.     Known  only  from  Borneo. 

GRAMINE^ 
Genus  COIX  Linnaeus 
Coix  lachryma-jobi  Linn. 

Coix  lachryma-jobi  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  38;  Enum. 
Philip.  Fl.  PL  1    (1922)    29. 

No.  1645,  near  the  seashore  and  cultivated.  A  native  of  the 
Old  World,  now  pantropic. 

Genus  ANDROPOGON  Linnaeus 
Andropogon  sorghum   (Linn.)    Brot. 

Andropogon  sorghum    (Linn.)    Brot.;    Merr.,   Enum.   Philip.   Fl.  PI. 
1    (1922)  48. 

No.  1647,  cultivated.  Not  recorded  from  Borneo  proper  but 
certainly  occurring  there.     All  warm  countries,  in  cultivation. 

Genus  ISCHAEMUM  Linnaeus 

Ischaemum  aristatum  Linn. 

Ischaemum  aristatum  Linn.;  Merr.,  Enum.  Philip.  Fl.  PI.  1   (1922)  37. 

No.  1505,  in  open  places  at  low  altitudes.  India  to  southern 
China  and  Malaysia. 

*This  abbreviated  form  is  used  for  convenience.  The  full  title  is: 
"A  bibliographic  enumeration  of  Bornean  plants,"  published  in  Journ. 
Roy.  As.  Soc.  Straits  Branch  Special  Number   (1921)    1-637. 
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Genus  PANICUM  Linnseus 

Panicum  malabaricum   (Linn.)    Merr. 

Panicum  malabaricum   (Linn.)    Merr.,  Enum.  Born.  PL    (1921)    46; 
Enum.  Philip.  Fl.  PL  1    (1922)   65. 
No,  li85,  in  open  places.     India  to  Malaysia. 

Panicum   nodosum   Kunth. 

Panicum  nodosum  Kunth;  Merr.,  Enum.  Born.  PL  (1921)  46;  Enum. 
Philip.  Fl.  PL  1    (1922)   65. 

No.  13 SO,  in  open  places.     India  to  southern  China  and  Ma- 
laysia. 

Panicum  pilipes  Nees  &  Arn. 

Panicum  pilipes  Nees  &  Arn.;  Merr.,  Enum.  Born.  PL    (1921)   46; 
Enum.  Philip.   FL  PL   1    (1922)    66. 

No,  1697,  in  open  places.     Tropical  Asia  to  Australia  and 
Polynesia. 

Genus  SETARIA  Beauvois 

Setaria  italica  (Linn.)  Beauv. 

Setaria  italica   (Linn.)   Beauv.;  Merr.,  Enum.  Born.  PL   (1921)   48; 
Enum.  Philip.  Fl.  PL  1    (1922)  73. 

No.  16Jf6,  cultivated,  as  it  is  in  all  warm  countries.     Italian 
millet. 

Genus  OPLISMENUS  Beauvois 

Oplismenus  compositus  (Linn.)  Beauv. 

Oplismenus   compositus    (Linn.)    Beauv.;    Merr.,    Enum.    Born.    PL 
(1921)   47;  Enum.  Philip.  Fl.  PL  1    (1922)   71. 

No.  H86,  in  open  places.     Pantropic. 

Genus  ORYZA  Linnseus 

Oryza  meyeriana  (ZoU.  &  Mor.)  Benth. 

Oryza  meyeriana    (Zoll.   &  Mor.)    Benth.;   Merr.,   Enum.   Bom.   PL 
(1921)   49;   Enum.  Philip.  FL  PL   1    (1922)    77. 

No.  1397,  in  open  forests.     India  to  Celebes  and  the  Phil- 
ippines. 

Genus  CENTOTHECA  Desvaux 
Centotheca  latifolia  (Linn.)  Trin. 

Centotheca  latifolia   (Linn.)    Trin.;  Merr.,  Enum.  Born.  PL   (1921) 
51;  Enum.  Philip.  FL  PL  1    (1922)  91. 

Nos.  1329,  1576,  in  open  forests.     Old  World  Tropics,  extend- 
ing  from  Africa  and  Polynesia. 
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CYPERACE^ 
Genus  HYPOLYTRUM  Richard 

Hypolytrum  compactum  Nees. 

Hypolytrum  compactum  Nees;   Merr.,  Enum.  Born.   PI.    (1921)    53; 
Enum.  Philip.  Fl.  PI.  1    (1922)    102. 

No.   1654,   ill   open   places.     Indo-China,    Andaman    Islands, 
Borneo,  and  the  Philippines. 

Hypolytrum  latifolium  L.  C.  Rich. 

Hypolytrum  latifolium  L.  C.  Rich.;  Merr.,  Enum.  Born.  PI.    (1921) 
54;  Enum.  Philip.  Fl.  PI.  1    (1922)  103. 

No,  1780,  from  Balambangan  Island,  with  the  local  name 
brawbi,     India  to  Formosa  through  Malaysia  to  Polynesia. 

Genus  CYPERUS  Linnaeus 

Cyperus  distans  Linn,  f . 

Cyperus  distans  Linn,  f.;  Merr.,  Enum.  Born.  PI.  (1921)   54;  Enum. 
Philip.   Fl.   PI.   1    (1922)    105. 

No,  1710,  in  cultivated  land.     Pantropic. 

Cyperus  pubisquamus  Steud. 

Cyperus  pubisquamus  Steud.,  Merr.  Enum.  Born.  PI.  (1921)  55. 

No,  1696,  near  the  seashore.  India  to  Malaysia  and  the  Phil- 
ippines; placed  by  Suringar  as  a  variety  {macrostachyiis  Boeck.) 
of  Cyperus  diffusus  Vahl,  and  closely  allied  to  the  latter. 

Genus  MARISCUS  Gaertner 

Mariscus  cyperinus    (Retz.)    Vahl. 

Mariscu^   cyperinus    (Retz.)    Vahl;   Merr.,  Enum.   Born.   PI.    (1921) 
56;  Enum.  Philip.  Fl.  PI.  1    (1922)  112. 

No,  1629,  near  the  seashore.     India  to  Malaysia  and  Poly- 
nesia. 
Mariscus  sieberianus  Nees. 

Mariscus  sieberianus  Nees;  Merr.,  Enum.  Born.  PI.  (1921)  57;  Enum. 
Philip.  Fl.  PI.  1   (1922)  114. 

No,  1588,  in  open  forests.     Pantropic. 

Mariscus  pennatus  (Lam.)  Merr. 

Mariscus  pennatus  (Lam.)  Merr.,  Enum.  Philip.  Fl.  PI.  1   (1922)  113 

{Mariscus  albescens   Gaudich.) 
M.  stuppeus,  Merr.,  Enum.  Born.  PI.   (1921)   57. 
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No,  1663,  along  the  seashore.  Tropical  Africa  to  eastern 
Polynesia,  within  the  influence  of  salt  or  brackish  water. 

Genus  KYLLINGA  Rottboell 

Kyllinga  brevifolia  Rottb. 

Kyllinga  brevifolia  Rottb.;  Merr.,  Enum.  Born.  PI.  (1921)  58;  Enum. 
Philip.  Fl.  PI.  1    (1922)  114. 

No.  1690,  in  open  places.     Pantropic. 

Genus  FIMBRISTYLIS  Vahl 

Fimbristylis  annua  (All.)  R.  &  S. 

Fimbristylis  annua   (All.)   R.  &  S.;  Mere.,  Enum.  Born.  PI.    (1921) 
60;  Enum.  Philip.  Fl.  PI.  1    (1922)   121. 

No.  1586,  in  open  places.     Pantropic. 

Genus  SCHOENXJS  Linnaeus 

Schoenus  falcatus  R.  Br. 

Schoenus  falcatus  R.  Br.;  Merr.,  Enum.  Philip.  Fl.  PI.  1    (1922)  128. 

No.  1762,  from  Balambangan  Island,  in  damp  places.  For- 
mosa, Luzon,  Borneo,  and  northern  Australia. 

Genus  MAPANIA  Aublet 

Mapania  humilis  (Hassk.)   F.-Vill. 

Mapania  humilis    (Hassk.)    F.-Vill.;   Merr.,   Enum.   Born.   PI.    (1921 
64;  Enum.  Philip.  Fl.  PI.  1   (1922)  132. 

No.  1758,  in  forests.     Malay  Peninsula  and  Archipelago. 
Genus  LEPIRONIA  Richard 
Lepironia  mucronata  L.  C.  Rich. 

Lepironia  mucronata  L.  C.  Rich.;  Merr.,  Enum.  Born.  PI.   (1921)   64. 

No.  17 UO,  from  Balambangan  Island,  in  a  fresh- water  swamp. 
Ceylon  to  southern  China  and  Madagascar,  through  Malaysia 
to  Australia,  but  no  representative  of  the  genus  as  yet  recorded 
from  the  Philippines. 

Genus  SCLERIA  Bergius 

Scleria  multifoliata  Boeck. 

Scleria  multifoliata  Boeck.;  Merr.,  Enum.  Bom.  PI.    (1921)   66. 

No.  13^7,  in  open  forests.  India  to  Malaysia,  but  not  cer- 
tainly known  from  the  Philippines. 
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PALM^ 
Genus  ARECA  Linnaeus 

Areca  mammillata  Becc. 

Areca  mammillata  Becc.  in  Philip.  Journ.  Sci.  2    (1907)    Bot.  601; 
Merr.,  Enum.  Philip.  Fl.  PL  1    (1922)  169   (A.  vidaliana  Becc). 

No,  1327,  without  notes.  The  specimen  is  quite  the  same  as 
the  Palawan  form;  the  species  hitherto  was  known  only  from 
the  latter  island. 

Genus  CARYOTA  Linnaeus 

Caryota  mitis  Lour. 

Caryota   mitis   Lour.;    Mere.,   Enum.   Born.    PI.    (1921)    82;    Enum. 
Philip.  Fl.  PI.  1    (1922)  159. 

No.  1599,  in  forests.  Burma  and  Indo-China  to  Sumatra, 
Java,  and  Palawan. 

Genus  ORANIA  Zippel 

Orania  paraguanensis  Becc. 

Orania  paraguanensis  Becc.  in  Webbia  1    (1905)  335;  Merr.,  Enum. 
Philip.  Fl.  PL  1    (1922)   161. 

No.  1495,  near  the  seashore.  The  specimen  has  only  very 
small,  wholly  immature  fruits,  but  I  cannot  distinguish  it  from 
this  species  which  was  hitherto  known  only  from  Palawan. 

Genus  LICUALA  Wurmb 

Licuala  spinosa  Wurmb. 

Licimla  spinosa  Wurmb;  Merr.,  Enum.  Bom.  PI.  (1921)   70;  Enum. 
Philip.  Fl.  PI.   1    (1922)    143. 

No.  1388,  in  open  forests.  A  genus  with  over  twenty  species 
in  Borneo,  but  represented  in  the  Philippines  by  only  this  one 
which  there  occurs  only  in  Balabac,  Palawan,  and  Culion.  Indo- 
China  to  the  Moluccas. 

Genus  CALAMUS  Linnseus 

Calamus  javensis  Blume  var.  woodii  Merr. 

Calamus  javensis   Blume  var.   woodii   Merr.   in   Philip.   Journ.   Sci. 
24    (1924)    113. 

No.  1111,  in  forests.  The  variety  endemic,  the  species  in 
the  Malay  Peninsula,  Sumatra,  and  Java,  but  not  known  from 
the  Philippines. 
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Calamus  sp. 

No.  1569,  in  mangrove  swamps,  the  specimen  fragmentary, 
with  very  immature  fruits,  probably  representing  an  un- 
described  species. 

ARACE.5] 

Genus  AMORPHOPHALLUS  Blume 

Amorphophallus  rivieri  Durieu  var.  konjac  Engl. 

Amorphophallus    rivieri   Durieu   var.    konjac    Engl.;    Merr.,    Enum. 
Philip.  Fl.  PL  1    (1922)   180. 

No,  1127,  in  damp  alluvial  soil.  Japan  to  Indo-China  and  the 
Philippines,  but  not  recorded  from  Borneo  proper. 

Genus  HOMALOMENA  Schott 

Homalomena  sagittif olia  Jungh. 

Homalomena  scugittifolia  Jungh.;  Merr.,  Enum.  Born.  PI.   (1921)   96. 
No,  lilO,  in  forests.     Malay  Peninsula  and  Borneo. 

Genus  SCHISMATOGLOTTIS  Zollinger  and  Moritzi 

Schismatoglottis  calyptrata   (Roxb.)   Z.  &  M. 

Schismato glottis   calyptrata    (Roxb.)    Z   &  M.;    Merr.,   Enum.   Born. 
PI.  (1921)  98;  Enum.  Philip.  Fl.  PI.  1    (1922)  181. 

No,  13Jf3,  in  primary  forests  at  low  altitudes.  Burma 
through  Malaysia  to  New  Guinea. 

Genus  RHAPHIDOPHORA  Hasskarl 
Rhapliidophora  sp. 

No,  lJf55,  a  sterile  specimen  from  forested  slopes,  possibly 
referable  to  Epipremnum, 

Genus  SCINDAPSUS  Schott 
Scindapsus  longistipitatus  sp.  nov. 

Caudex  circiter  1  cm  crassus;  foliis  chartaceis,  oblongis  ad 
elliptico-oblongis,  leviter  inaequilateralibus,  29  ad  33  cm  longis, 
5.5  ad  13  cm  latis,  utrinque  subaequaliter  angustatis,  apice  bre- 
viter  acuminatis,  basi  obtusis,  circiter  1  cm  latis,  distincte 
inaequilateralibus;  nervis  primariis  circiter  15  utrinque,  te- 
nuibus,  adscendentibus,  quam  secondariis  vix  magis  distinc- 
tioribus;  petiolo  12  ad  17  cm  longo,  sub  apice  subgeniculato, 
usque  ad  geniculo  vaginato,  majoribus  inferne  ad  1.8  cm  lato; 
inflorescentiis  breviter  pedunculatis,  spathis  persistentibus,  14 
ad  17  cm  longis,  3  ad  3.5  cm  latis,  coriaceis,  breviter  acumi- 

214420 4 
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natis;  spadicis  sub  fructu  longissime  (18  ad  20  cm)  stipitatis, 
cylindraceis,  obtusis,  8  ad  10  cm  longis,  circiter  1.5  cm  dia- 
metro ;  baccis  circiter  5  mm  longis,  apice  truncatis,  rhomboideis, 
stigmate  immerso. 

Banguey  Island,  lSi5  P.  Castro  and  F,  Melegrito,  in  pri- 
mary forests,  altitude  about  20  meters. 

A  species  very  strongly  characterized  among  all  the  de- 
scribed forms  of  this  genus  by  its  very  long-stipitate  spadices, 
these  in  fruit  being  18  to  29  cm  in  length,  the  flattened  spathes 
persistent. 

FLAGELLARIACE^ 

Genus  FLAGELLARIA  Linnseus 

Flagellaria  indica  Linn. 

Flagellaria  indica  Linn;  Merr.,  Enum.  Born.  PI.   (1921)   109;  Enum. 
Philip.  Fl.  PL  1    (1922)   191. 

No,  1582,  in  open  forests.  Tropical  Africa  and  Asia  through 
Malaysia  to  tropical  Australia  and  the  Marianne  Islands. 

ERIOCAULONACE^ 

Genus  ERIOCATILON  Linnaeus 

Eriocaulon  longifolium  Nees. 

Eriocaulon  longifolium  Nees;  Merr.,  Enum.  Born.  PL  (1921)   110. 

No.  1725,  from  Balambangan  Island,  in  marshy  places. 
Southeastern  China  to  Ceylon,  Malaysia,  and  Madagascar,  but 
not  recorded  from  the  Philippines. 

COMMELINACE^ 

Genus  ANEILEMA  R.  Brown 

Aneilema  scaberrimum   (Blume)  Kunth. 

Aneilema   scaberrimum    (Blume)    Kunth;    Merr.,    Enum.   Born.    PI. 
(1921)    113. 

No.  1387,  in  primary  forests.  India  to  Sumatra,  Java,  and 
Borneo;  not  recorded  from  the  Philippines,  although  some  of 
the  Philippine  material  determined  as  A.  vitiense  Seem,  may 
belong  here. 

Genus  FORRESTIA  A.  Richard 
Forrestia  laxiflora  sp.  nov. 

Caulis  prostratis,  radicantibus,  glabris  vel  partibus  junio- 
ribus  leviter  pubescentibus,  in  siccitate  profunde  sulcatis,  cir- 
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citer  4  mm  diametro,  apice  adscendentibus  vel  suberectis ;  f oliis 
membranaceis,  oblongo-ellipticis,  15  ad  25  cm  longis,  6  ad  7  cm 
latis,  tenuiter  acuminatis,  basi  decurrentibus,  distincte  petio- 
latis,  supra  glabris,  subtus  glabris  vel  parcissime  pubescentibus ; 
petiolo  ad  margine  ciliato-piloso,  vaginis  obliquis,  plus  mimisve 
ciliato-pilosis,  circiter  2  cm  longis,  inflatis;  inflorescentiis  cau- 
linis,  distincte  pedunculatis,  circiter  5  cm  longis,  cymosis, 
laxis,  leviter  ciliatis;  perianthi  segmentis  (sub  fructu)  lineari- 
oblongis,  glabris,  circiter  12  mm  longis,  2  mm  altis;  fructibus 
glabris  vel  subglabris,  subellipsoideis,  circiter  8  mm  longis; 
seminibus  solitariis. 

Banguey  Island,  1618  P.  Castro  and  F.  Melegrito,  August, 
1923,  in  forests,  altitude  about  30  meters,  flov^ers  "blue"  (that  is, 
probably  purple). 

A  species  well  characterized  in  this  small  genus  by  its  lax, 
distinctly  peduncled  inflorescences,  the  flowers  somewhat 
crowded  in  small  heads  on  the  branches  of  the  inflorescence,  not 
forming  a  dense  capitate  inflorescence  as  in  the  other  species. 
The  bracts  are  somewhat  pubescent,  oblong-ovate,  somewhat 
acuminate,  about  1  cm  long. 

LILIACE.E 
Genus  DIANELLA  Lamarck 

Dianella  ensifolia  (Linn.)  DC. 

Dianella  ensifolia  (Linn.)  DC;  Merr.,  Enum.  Born.  PI.   (1921)   114; 
Enum.  Philip.  Fl.  PL  1    (1922)    203. 

Nos.  17JfJf,  17Jf5,  the  latter  from  Balambangan  Island,  near 
swamps  at  low  altitudes.  India  to  the  Mascarene  Islands,  For- 
mosa, Malaysia,  tropical  Australia,  and  Polynesia. 

Genus  PLEOMELE  Salisbury 
Pleomele  bomeensis  Merr. 

Pleomele  bomeensis  Merr.  in  Journ.   Straits  Branch  Roy.  As.   Soc. 
85    (1922)   160. 

No.  lJf76,  near  the  seashore.     British  North  Borneo. 

Pleomele  banguey  ensis  sp.  no  v. 

Frutex  circiter  2  m  altus,  glaber,  ramulis  5  mm  diametro; 
foliis  chartaceis,  viridis,  oblongis  ad  oblongo-oblanceolatis,  20 
ad  30  cm  longis,  5  ad  7  cm  latis,  acute  acuminatis,  deorsum 
angustatis,  longe  decurrentibus,  petiolo  2.5  ad  7  cm  longo;  in- 
florescentiis paniculatis,  erectis,  circiter  50  cm  longis,  pedunculo 
basi  bracteis  paucis  lanceolatis  perspicue  acuminatis  2.5  ad  5 
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cm  longis  instructis,  ramis  paucis  (circiter  8),  curvato-adscen- 
dentibus  vel  subpatulis,  12  ad  20  cm  longis;  floribus  albidis, 
1.2  ad  1.5  cm  longis,  binis  vel  trinis  vel  superioribus  solitariis, 
in  ramis  primariis  racemose  dispositis,  breviter  (2  mm)  pedi- 
cellatis,  perianthi  segmentis  anguste  oblanceolatis,  circiter  1.2 
mm  latis,  bracteis  late  ovatis,  2  mm  longis. 

Banguey  Island,  IMS  P.  Castro  and  F.  Melegrito,  August, 
1923,  in  forests,  altitude  about  30  meters.  A  juvenile  form  is 
represented  by  1405,  from  the  same  locality. 

A  species  belonging  in  the  group  with  Pleomele  aurantiaca 
N.  E.  Br.,  of  the  Malay  Peninsula  and  Borneo,  but  with  smaller 
leaves  which  are  uniformly  green,  not  mottled,  and  much  smaller 
flowers.  The  leaves  are  transversely  reticulate  between  the 
longitudinal  nerves,  the  transverse  veinlets  being  distant  and 
usually  oblique. 

Genus  SMILAX  Linnseus 
Smilax  leucophylla  Blume. 

Smilax    leucophylla    Blume;    Merr.,    Enum.    Born.    PL    (1921)    116; 
Enum.  Philip.  Fl.  PL  1    (1922)  208. 

No,  1591,  in  open  forests.  Malay  Peninsula  to  Java,  the 
Philippines,  the  Moluccas,  and  New  Guinea. 

Smilax  sp. 

No,  1776,  from  Balambangan  Island,  a  sterile  specinxen,  in 
vegetative  characters  approximating  Smilax  modesta  A,  DC.  of 
Java,  and  possibly  representing  that  species. 

TACCACE^ 

Genus  TACCA  Forster 
Tacca  pinnatifida  Forster. 

Tacca  pinnatifida  Forster;  Merr.,  Enum.  Philip.  PL  1    (1922)  215. 

No,  lJf7S,  near  the  seashore.  Old  World  Tropics  generally, 
from  Africa  to  eastern  Polynesia.  Not  recorded  from  Borneo 
proper,  but  certainly  occurring  there. 

Tacca  angustilobata  sp.  nov. 

Foliis  longe  petiolatis,  membranaceis,  olivaceis,  glabris,  17  ad 
26  cm  longis,  25  ad  35  cm  latis,  profunde  palmatim  7-  ad  11- 
lobatis,  lobis  anguste  lanceolatis,  tenuiter  acuminatis,  13  ad  22 
cm  longis,  1  ad  2.5  cm  latis,  basi  truncatis  vel  subtruncatis, 
pedatim  7-  ad  11-nervis;  petiolo  tenue,  15  ad  50  cm  longo;  pe- 
dunculo  usque  ad  65  cm  longo,  glabro,  tenue,  longitudinaliter 
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sulcato;  bracteis  membranaceis  vel  subchartaceis,  olivaceis,  ex- 
terioribus  binis  sessilibus,  rhomboideo-ovatis,  acute  acuminatis, 
basi  late  acutis  vel  subrotundatis,  circiter  9-nerviis,  6  cm  longis, 
4  cm  latis,  binis  interioribus  stipitatis,  interioribus  simillimis, 
stipite  circiter  2  cm  longo ;  floribus  ignotis ;  f ructibus  circiter  14, 
subglobosis  vel  ovoideis,  8  mm  diametro,  rubris,  pedicellis  te- 
nuibus,  1.5  ad  2  cm  longis. 

Banguey  Island,  is 98  P.  Castro  and  F,  Melegrito,  August, 
1923,  in  primary  forests  at  low  altitudes. 

A  species  belonging  in  the  group  v^ith  Tacca  palmata  Blume, 
strongly  characterized  by  its  numerously  and  very  narrowly 
lobed  leaves,  the  lobes  extending  to  within  3  to  6  cm  of  the 
base  of  the  leaf,  the  corresponding  sinuses  being  narrow  and 
generally  acute.  While  the  leaves  are  strictly  palmately  lobed, 
the  lobes  of  each  leaf  being  subequal  in  size,  the  leaf  base  is 
conspicuously  pedately  nerved,  the  midrib  of  the  central  two 
or  three  lobes  leaving  the  apex  of  the  petiole,  those  of  the 
other  lobes  leaving  the  two  lateral,  basal,  marginal  nerves 
1  to  2  cm  from  the  apex  of  the  petiole.  The  present  species  is 
doubtless  most  closely  allied  to  the  very  imperfectly  described 
Tacca  palmatifida  Baker  of  Celebes  which,  however,  has  from 
13  to  17  lobes,  which  are  united  for  the  lower  one-fourth  to 
one-third,  the  fruits  exceeding  2  cm  in  length. 

MUSACE^ 

Genus  MUSA  Linnaeus 

Musa  sapientiim  Linn. 

Musa  sapientum  Linn.;  Merr.,  Enum.  Born.  PL    (1921)    119;   Enum. 
Philip.  Fl.  PL  1    (1922)   222. 

No,  H69,  in  open  places;  a  variety  or  form  of  the  common 
banana,  pantropic  in  cultivation. 

ZINGIBERACE^ 

Genus  GLOBBA  Linnaeus 
Globba  sp. 

No,  1711,  in  forests  at  low  altitudes,  flowers  yellow.  The 
material  is  so  imperfect  that  it  cannot  be  properly  identified. 

Genus  ZINGIBER  Adanson 
Zingiber  zerumbet  (Linn.)  Sm. 

Zingiber   zerumbet    (Linn.)    Sm.;    Merr.,    Enum.    Born.    PI.    (1921) 
124;  Enum.  Philip.  Fl.  PL   1    (1922)    229. 
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No.  1479,  near  the  seashore.  The  specimen  seems  to  rep- 
resent a  depauperate,  narrow-leaved  form  of  this  pantropic 
species. 

Zingiber  sp. 

No.  1606,  in  forests.  An  imperfect  specimen,  no  flowers,  re- 
sembling the  Philippine  Zingiber  sylvatica  Elm. 

Genus  LANGUAS  Koenig 

Languas  haenkei  (Presl)  Merr. 

Languas  haenkei  (Presl)  Merr.,  Enum.  Philip.  Fl.  PI.  1    (1922)   232. 

No.  1531,  in  forests.  The  specimen  is  in  fruit  and  additional 
material  may  show  it  to  be  distinct  from  the  Philippine  species 
to  which  I  have  here  referred  it,  and  which  is  otherwise  known 
only  from  the  Philippines. 

Genus  COSTTJS  Linnaeus 
Costus  hirsutus  Blume. 

Costus  hirsutus  Blume;  Merr.,  Enum.  Philip.  Fl.  PI.  1  (1924)  246 
[Costus  speciosus  Sm.  var.  hirsutus  K.  Schum.;  Merr.,  Enum. 
Born.  PI.  (1921)  131]. 

Nos.  1108,  ISJfd,  in  open  forests.  India  to  Formosa  through 
Malaysia  to  New  Guinea. 

CANNACE^ 

Genus  CANNA  Linnaeus 

Canna  indica  Linn. 

Canna  indica  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  132;  Enum. 
Philip.  Fl.  PL  1    (1924)  247. 

Nos.  1529,  1590,  in  open  places.  Pantropic,  of  American 
origin. 

MARANTACE^ 
Genus  DONAX  Loureiro 

Donax  cannaefonnis  (Forst.  f.)  K.  Schum. 

Donax  cannaeformis  (Forst.  f.)  K.  Schum.;  Merr.,  Enum.  Born.  PI. 
(1921)   132;  Enum.  Philip.  Fl.  PI.  1    (1924)   248. 

No.  1572,  in  open  forests.  Java  and  Borneo  to  the  Philip- 
pines, New  Guinea,  Admiralty  Islands,  New  Hebrides,  and  the 
Marianne  Islands. 
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Genus  PHRYNIUM  Willdenow 

Phrynium  placentaxium   (Lour.)   Merr. 

Phrynium   placentarium    (Lour.)    Merr.    in    Philip.   Journ.    Sci.    15 

(1919)    230.     [Phrynium  parviflorum  Roxb.;   Merr.,  Enum.   Born. 

PI.  (1921)  132]. 

No.  133S,  in  open  forests.     India  to  Hainan,  Borneo,  and 

Java,  but  not  known  from  the  Philippines.     Loureiro's  specific 

name  is  older  than  Roxburgh's  and  manifestly  applies  to  the 

same  form. 

ORCHID ACE^  ' 

Genus  TROPIDM  Lindley 
Tropidia  sp. 

No.  U62,  on  forested  slopes.     An  imperfect  specimen,  flow- 
ers not  available. 

Genus  AGROSTOPHYLLUM  Blume 

Agrostophyllum  stipulatum   (Griff.)    Schltr. 

Agrostophyllum  stipulatum  (Griff.)   Schltr.  in  Fedde  Repert.  Beih. 
1    (1914)   279? 
No.  1^58,  epiphytic.     There  are  no  flowers,  so  that  the  iden- 
tification is  not  certain.     Not  recorded  from  either  Borneo  or 
the  Philippines. 

Genus  HABENARIA  Willdenow 

Habenaria  hystrix  Ames. 

Habenaria  hystrix  Ames,  Orch.  2  (1908)  35;  ex  Merr.  Enum.  Philip. 
Fl.  PI.  1    (1924)    258. 

No.  1117,  in  forests.     Philippines  and  British  North  Borneo. 
Genus  BROMHEADIA  Lindley 
Bromheadia  finlaysoniana   (Lindl.)    Reichb.  f. 

Bromheadia  finlaysoniana  (Lindl.)  Reichb.  f.;  Ames  ex  Merr.  Enum. 
Born.  PI.   (1921)   180    {B.  palustris  Reichb.  f.). 
No.  176i,  in  marshes.     Indo-China  and  the  Malay  Peninsula 
through  Malaysia  to  New  Guinea.     No  representative  of  the 
genus  has  been  found  in  the  Philippines. 

Genus  CALANTHE  R.  Brown 

Calanthe  furcata  Batem. 

Calanthe  furcata  Batem.;  Ames  ex  Merr.  Enum.  Philip.  Fl.  PI.  1 
(1924)  333  [C.  veratrifolia  R.  Br.;  ex  Merr.  Enum.  Bom.  PL 
(1921)   181]. 

■*  Identifications  by  Mr.  Oakes  Ames. 
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No.  17Jf8y  in  old  clearings.  Widely  distributed  in  the  Indo- 
Malaysian  region. 

Genus  EULOPHIA  R.  Brown 

Eulophia  squalida  Lindl. 

EuLophia  squalida  Lindl.;  Ames  ex  Merr.  Enum.  Born.  PI.    (1921) 
192;   Enum.  Philip.  Fl.  PL   1    (1924)    339. 

No,  1575,  in  open  forests.  Malay  Peninsula  to  Java,  Philip- 
pines, and  Celebes. 

Genus  GEODORUM  Jackson 
Geodorum  nutans  (Presl)  Ames. 

Geodorum  nutans  (Presl)  Ames,  Orch.  2  (1908)  164;  ex  Merr.  Enum. 
Philip.  Fl.  PI.  1    (1924)   341. 

Nos,  1116,  157 Jfa,  in  open  places  at  low  altitudes.  Common 
and  widely  distributed  in  the  Philippines,  but  otherwise  not 
known  from  outside  the  Archipelago. 

Genus  ERIA  Lindley 

Eria  iloribunda  Lindl. 

Eria  florihunda  Lindl.;  Ames  ex  Merr.  Enum.  Born.  PI.   (1921)    170; 
Enum.  Philip.  Fl.  PI.   1    (1924)   367. 

Nos.  Ii57,  1686,  epiphytic  on  forested  slopes.  Burma  to  Su- 
matra, Java,  Palawan,  and  Mindanao. 

Eria  fusca  Blume  ? 

Eria  fusca  Blume?;    Ames  ex   Merr.   Enum.   Born.   PI.    (1921)    170; 
Enum.  Philip.  Fl.  PI.  1    (1924)  368. 

No.  1685,  epiphytic  in  forests,  with  larger  leaves  than  the 
typical  form.     Java,  Borneo,  Philippines,  Celebes? 

Genus  CYMBIDIUM  Swartz 
Cymbidium  finlaysonianiim  Lindl. 

Cymhidium  finlaysonianum  Lindl.;   Ames  ex  Merr.  Enum.  Born.  PI. 
(1921)   192;  Enum.  Philip.  Fl.  PI.   1    (1925)   403. 

No.  1U17,  on  trees  along  the  seashore.  Malay  Peninsula  to 
Borneo  and  the  Philippines.  Identified  as  Cymhidium  sp.  aff. 
aloifolium  Sw.  by  Mr.  Ames,  but  I  cannot  see  wherein  the  speci- 
men differs  from  the  common  Philippine  littoral  form  referred 
to  C.  finlaysonianum  Lindl.  The  specimen  has  fruits,  but  no 
flowers. 
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Genus  SARCOCHILUS  R.  Brown 

Sarcocliilus  pallidus   (Blume)   Reichb.  f. 

Sarcochiliis  pallidus  (Blume)  Reichb.  f.;  Ames  ex  Merr.  Enum.  Born. 
PL   (1921)  197;  Enum.  Philip.  Fl.  PL  1    (1925)  407. 

No,  14^57,  epiphytic,  in  forests  at  low  altitudes.  Malay  Pen- 
insula to  Java,  Philippines,  and  the  Moluccas. 

Genus  SARCANTHUS  Lindley 
Sarcanthus  sp.  aff .  S.  micranthus  Ames. 

No.  170.lf,  epiphytic  in  forests  at  low  altitudes,  a  fruiting 
specimen. 

Genus  ACRIOPSIS  Reinwardt 
Acriopsis  sp. 

No.  1753,  in  forests.  A  single  specimen,  perhaps  referable  to 
Acriopsis  javanica  Reinw.,  which  extends  from  Tenasserim  to 
the  Philippines  and  New  Guinea. 

DTCOTYLEDONE.E 

CASUARINACE^ 
Genus  OASUARINA  Linnaeus 

Casuarina  equisetifolia  Linn. 

Casuarina  equisetifolia  Linn.;   Merr.,  Enum.  Born.  PL    (1921)    204; 
Enum.  Philip.  Fl.  PL  2   (1923)   1. 

Nos.  1496,  1752,  the  latter  from  Balambangan  Island,  along 
the  seashore.     Old  World  Tropics,  generally  near  the  sea. 

Casuarina  sumatrana  Jungh. 

Casuarina  sumatrana  Jungh.;   Merr.,   Enum.  Born.   PL    (1921)    205; 
Enum.  Philip.  Fl.  PL  2   (1923)   1. 

No.  1759,  from  Balambangan  Island,  in  forests,  with  the  local 
name  aru.     Burma  to  Java  and  the  Philippines. 

PIPERACE^ 

Genus  PIPER  Linnaeus 

Piper  abbreviatum  Opiz. 

Piper  abbreviatum  Opiz;   Merr.,   Enum.  Philip.   FL   PL   2    (1923)    2 
[Piper  chaba  BL,  non  Hunter;  Enum.  Born.  PL  (1921)  207]. 

No.  1605,  in  forests.     Java  to  the  Phihppines. 

Piper  fragile  Benth.? 

Piper  fragile  Benth.?;   Merr.,  Enum.  Philip.  Fl.  PI.  2    (1923)    9. 

Nos.  1480, 159Jf,  in  open  forests  and  along  the  seashore.  Phil- 
ippines to  New  Guinea. 
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Piper  interruptxim  Opiz. 

Piper  interruptum  Opiz;  Merr.,  Enum.  Philip.  Fl.  PI.  2   (1923)   9. 

No,  1381,  in  primary  forests.  Widely  distributed  in  the  Phil- 
ippines, occurring  also  in  New  Guinea,  but  not  known  from 
Borneo  proper. 

CHLORANTHACE^ 

Genus   CHLORANTHUS   Swartz 

Cloranthus  officinalis  Blume. 

Chloranthus  officinalis  Blume;  Merr.,  Enum.  Born.  PI.    (1921)   209; 
Enum.  Philip.  Fl.  PI.  2  (1923)  21. 

No.  1383,  in  primary  forests.  India  to  Formosa,  through 
Malaysia  to  New  Guinea. 

MYRICACE^ 
Genus  lORICA  Linnseus 

Myrica  esculenta  Ham.  var.  farquarhiana  (Wall.)  A.  Chev. 

Myrica  esculenta  Ham.  var.  farquarhiana   (Wall.)   A.  Chev.;  Merr., 
Enum.  Philip.  Fl.  PL  2    (1923)   23;  Enum.  Born.  PI.    (1921)   210. 

No.  1761,  in  forests.  India  to  China,  Borneo,  and  the  Phil- 
ippines. 

FAGACE^ 

Genus  CASTANOPSIS  Spach 

Castanopsis  woodii  sp.  nov. 

Arbor  circiter  5  m  alta,  glabra  vel  subglabra,  ramis  teretibus, 
glabris,  ramulis  tenuibus,  ultimis  circiter  1.5  mm  diametro,  le- 
viter  sulcatis,  in  siccitate  purpureo-brunneis,  axillis  parce  pu- 
bescentibus;  foliis  oblongis  ad  oblongo-ellipticis,  subcoriaceis, 
glabris,  integerrimis,  14  ad  20  cm  longis,  5  ad  7  cm  latis,  tenuiter 
acute  acuminatis,  basi  leviter  inaequilateralibus,  acutis  vel  le- 
viter  decurrento-acuminatis,  laevis,  supra  viridibus,  nitidis, 
subtus  paullo  pallidioribus ;  nervis  primariis  utrinque  circiter 
14,  perspicuis;  petiolo  1  ad  1.5  cm  longo;  floribus  ignotis;  in- 
fructescentiis  spicatis,  pedunculatis,  10  ad  29  cm  longis, 
pedunculo  5  ad  15  cm  longo,  involucris  paucis,  solitariis  vel  3- 
fasciculatis,  sessilibus,  4  ad  5  cm  longis,  circiter  3  cm  diametro, 
aequilateralibus  vel  leviter  inaequilateralibus,  extus  glabris  vel 
subglabris,  spinis  numerosis  fasciculatis  rigidis  subulatis  rectis 
vel  curvatis  6  ad  15  mm  longis  instructis ;  glans  solitariis,  ellip- 
soideis  vel  ovoideis,  3  ad  3.5  cm  longis,  glabris. 
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Banguey  Island,  1396  P,  Castro  and  F,  Melegrito,  August 
5,  1923,  in  open  forests  at  low  altitudes. 

This  very  characteristic  species  does  not  appear  to  be  closely 
allied  to  any  of  the  previously  described  forms.  The  walls  of 
the  involucre  are  about  2  mm  thick,  glabrous  on  both  surfaces, 
the  slender  rigid  spines  being  sparingly  pubescent.  The  tufts 
of  spines  do  not  cover  the  entire  surface  of  the  involucre,  and 
are  irregularly  arranged,  each  being  usually  trichotomously 
branched,  the  stout  basal  part  1  to  2  mm  in  length.  The  nuts 
are  solitary,  closely  attached  to  the  involucre  throughout,  the 
bony  wall  being  nearly  as  thick  as  the  involucre  wall,  glabrous 
externally  and  pale  pubescent  within.  There  are  rarely  more 
than  three  involucres  to  a  spike,  and  these  may  be  either  rather 
distant  or  crowded  at  the  end. 

Genus  ttUERCUS  Tournefort 

ttuercus  conocarpa  Oudem. 

Quercits  conocarpa  Oudem.;  Merr.,  Enum.  Born.  PI.   (1921)   212. 

No.  H50,  in  forests,  altitude  200  meters.  The  specimen  has 
immature  buds  but  agrees  closely  in  the  characters  presented  by 
it  with  Oudeman's  species.  Malay  Peninsula,  Sumatra,  Java, 
and  Borneo,  but  not  known  from  the  Philippines. 

ftuercus  poculiformis  Von  Seem.? 

Quercus  poculiformis  Von   Seem.?;   Merr.,  Enum.  Born.   PI.    (1921) 
215. 

No.  1658,  in  forests,  altitude  about  30  meters.  The  specimen 
does  not  agree  sufficiently  well  with  the  description  to  warrant 
referring  it  here  without  doubt.  Borneo  and  Bangka,  not  in  the 
Philippines. 

ULMACE^ 
Genus  TREMA  Linnaeus 
Trema  orientalis  (Linn.)  Blume. 

Trema  orientalis    (Linn.)    Blume;   Merr.,   Enum.   Bom.   PI.    (1921) 
217;  Enum.  Philip.  Fl.  PI.  2  (1923)  34. 

No.  1536,  in  open  places.  India  to  southern  China,  through 
Malaysia  to  tropical  Australia  and  Polynesia. 

HORACES 
Genus  PRAINEA  King 
Prainea  multinervia  sp.  nov. 

Arbor  circiter  8  m  alta,  ramulis  leviter  pubescentibus  pedun- 
culisque  obscure  furfuraceis  exceptis  glabra,  ramulis  4  ad  5  mm 
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diametro ;  f oliis  oblongis,  chartaceis,  integris,  25  ad  30  cm  longis, 
8  ad  10  cm  latis,  in  siccitate  olivaceis  vel  brunneis,  nitidis,  vix 
puncticulatis,  basi  distincte  inaequilateralibus,  obtusis  ad  rotun- 
datis,  apice  abrupte  subcaudato-acuminatis,  nervis  primariis 
utrinque  18  ad  20,  patulis,  perspicuis,  petiolo  1  ad  1.5  cm  longo; 
receptaculis  $  e  axillis  defoliatis,  globosis,  2  cm  diametro,  pe- 
dunculo  circiter  8.5  cm  longo,  sursum  leviter  incrassato;  peri- 
goniis  liberis,  cylindraceis,  glabris,  sursum  leviter  incrassatis, 
5  ad  6  mm  longis,  brevissime  4-lobatis,  lobis  obtusis,  circiter 
0.5  mm  longis,  ovario  glabro,  3  mm  longo,  stylis  circiter  2  mm 
longis,  bracteis  interflorales  numerosis,  filiformibus,  pilosis,  6 
mm  longis,  apice  incrassatis.     Floribus   $   fructibusque  ignotis. 

Banguey  Island,  1610  P.  Castro  and  F.  Melegrito,  August 
8,  1923  (type),  in  forests  at  low  altitudes.  Also  represented 
by  D.  D.  Wood  1790,  from  Kimanis,  British  North  Borneo,  with 
the  local  name  kasusu,  with  a  note  to  the  effect  that  the  fruit 
is  edible. 

The  third  representative  of  this  small  genus  to  be  recorded 
from  Borneo;  no  representative  of  it  is  known  from  the  Phil- 
ippines. It  is  apparently  most  closely  allied  to  Prainea  cuspi- 
data  Becc.  which  Renner  has  reduced  to  Artocarpus  limpato 
Miq.,  although  the  two  descriptions  do  not  well  agree.  The 
present  species  differs  from  Prainea  cuspidata  Becc.  in  its  more 
numerously  nerved  leaves  which  are  not  puncticulate,  as  well  as 
in  its  somewhat  pubescent  branchlets  and  furfuraceous  not  gla- 
brous peduncles. 

Genus  ANTIARIS  Leschenault 

Antiaris  toxicaria  (Pers.)  Lesch. 

Antiaris   toxicaria    (Pers.)    Lesch.;    Merr.,   Enum.   Born.   PI.    (1921) 
220;  Enum.  Philip.  Fl.  PI.  2   (1923)  44. 

No.  lis 5,  on  forested  slopes.  India  to  southern  China  and 
Malaysia. 

Genus  FICUS  Tournefort 

Ficus  fistulosa  Reinw. 

Ficus  fistulosa  Reinw.;  Mere.  Enum.  Born.  PI.   (1921)  223. 

No,  1602 y  in  forests.  India  to  Malaysia,  probably  represented 
in  the  Philippines  by  Ficus  repandifolia  Elm.  (F,  rubrovenia 
Merr.),  which  is  doubtfully  distinct  from  Reinwardt's  species. 

Ficus  palawanensis  Merr. 

Ficus  palawanensis  MERR.,  Enum.  Philip.  Fl.  PI.  2    (1923)    60. 
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No.  1361,  in  forests  near  the  sea.     Luzon  to  Mindanao  and 
Palawan  in  the  Philippines,  but  not  known  from  Borneo  proper. 

Picus  retusa  Linn. 

Ficus   retusa    Linn.;    Merr.,    Enum.    Born.    PI.    (1921)    226;    Enum. 
Philip.  Fl.  PI.  2  (1923)  63. 
No.  169 Jfy  near  the  seashore.     India  to  Formosa  through  Ma- 
laysia to  tropical  Australia  and  New  Caledonia. 

Ficus  septica  Burm.  f. 

Ficus  septica  Burm.  f.;  Mere.,  Enum.  Born.  PI.  (1921)  227. 
No.  151Jf,  in  open  places.  Widely  distributed  in  the  Malay 
Archipelago,  represented  in  the  Philippines  by  Ficus  hauili 
Blanco,  which  is  perhaps  not  sufficiently  distinct  to  warrant 
specific  recognition.  This  form  is  more  commonly  known  as 
Ficus  leucantatoma  Poir. 

Genus  CONOCEPHALUS  Blume 

Conocephalus  suaveolens  Blume. 

Conocephalus  suaveolens  Blume;  Mere.,  Enum.  Born.  PI.  (1921)  229; 
Enum.  Philip.  Fl.  PI.  2  (1923)  229. 
No.  Ii88,  in  open  forests.     India  to  Malaysia,  common. 

URTICACE^ 
Genus  PROCRIS  Commerson 

Procris  frutescens  Blume. 

Procris  frutescens  Blume;  Merr.,  Enum.  Born.  PL    (1921)    233    (P. 
pseudostngosa  Elm.) ;  Enum.  Philip.  Fl.  PI.  2  (1923)  88. 

No.  1688,  epiphytic  in  mangrove  swamps.     Malay  Peninsula 
to  Java,  Borneo,  and  the  Philippines. 

Genus  POUZOLZIA  Gaudichaud 
Pouzolzia  zeylanica  (Linn.)  Benn. 

Pouzohia  zeylanica   (Linn.)   Benn.;  Merr.,  Enum.  Born.  PI.   (1921) 
233;  Enum.  Philip.  Fl.  PL  2   (1923)   92. 

No.  1707,  in  open  places.     Throughout  the  Indo-Malaysian 
region. 

Genus  PIPTURUS  Weddell 

Pipturus  argenteus  (Forst.)  Wedd. 

Pipturus  argenteus   (Forst.)   Wedd.;  Merr.,  Enum.  Born.  PL   (1921) 
234;  Enum.  Philip.  FL  PL  2   (1923)  94. 

No.  1555,  in  open  places  at  low  altitudes.     Sumatra  to  tropi- 
cal Australia  and  eastern  Polynesia. 
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Genus  LEUCOSYKE  Moritzi 

Leucosyke  capitellata  (Poir.)  Wedd. 

Leucosyke  capitellata  (Poir.)  Wedd.;  Merr.,  Enum.  Born.  PI.  (1921) 
234;  Enum.  Philip.  Fl.  PL  2   (1923)   96. 

No,  1513,  in  open  places  at  low  altitudes.  Formosa  to  Java 
and  New  Guinea. 

LORANTHACE^ 

Genus  LORANTHUS  Linnseus 

Loranthus  estipitatus  Stapf . 

Loranthus  estipitatus  Stapf;  Merr.,  Enum.  Born.  PI.  (1921)  237. 

No.  1331,  parasitic  in  open  forests.  This  is  replaced  in  the 
Philippines  and  in  southern  China  by  the  very  closely  allied  spe- 
cies Loranthiis  parasiticus  (Linn.)  Merr. 

Loranthus  sp. 

No.  lJf63,  parasitic  on  trees  along  the  seashore.  A  very  char- 
acteristic species  also  represented  by  1183  Wood  from  British 
North  Borneo,  but  from  the  material  available  I  have  been  able 
to  place  it  in  its  proper  subgenus.     There  are  no  mature  flowers. 

AMARANTHACE^ 
Genus  DEERINGIA  R.  Brown 

Deeringia  polysperma  (Roxb.)  Moq. 

Deeringia  polysperma   (Roxb.)    Moq.;   Merr.,  Enum.  Philip.   Fl.  PL 
2   (1923)   126. 

No.  1637,  near  the  seashore.  Malay  Peninsula  to  the  Phil- 
ippines and  the  Moluccas,  although  not  recorded  from  Borneo 
proper. 

Genus  CELOSIA  Linnaeus 

Celosia  argentea  Linn. 

Celosia  argentea  Linn.;  Merr.,  Enum.  Born.  PL   (1921)   245;  Enum. 
Philip.  FL  PL  2   (1923)   127. 

In  cultivated  land,  a  form  approaching  Celosia  cristata  Linn. 
Pantropic. 

Genus  CYATHULA  Loureiro 

Oyathula  prostrata  (Linn.)  Blume. 

Cyathula  prostrata  (Linn.)   Blume;  Merr.,  Enum.  Born.  PL    (1921) 
246;   Enum.  Philip.  Fl.  PL  2    (1923)    129. 

No.  lJf77,  in  open  places.     A  pantropic  weed. 
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Genus  AMARANTHUS  Linnaeus 

Amaranthus  paniculatus  Linn. 

Amaranthus  paniculatus  Linn.;  Merr.,  Enum.  Philip.  Fl.  PI.  2  (1923) 
128. 

No.  Ii25,  in  cultivated  land.  Pantropic,  cultivated  and  wild, 
but  not  recorded  from  Borneo  proper. 

Amaranthus  viridis  Linn. 

Amaranthus  viridis  Linn.;  Merr.,  Enum.  Born.  PL  (1921)  246;  Enum. 
Philip.  Fl.  PI.  2   (1923)  128. 

Nos.  15^1, 1559,  in  open  places.     A  pantropic  weed. 
Genus  GOMPHRENA  Linnaeus 

Gomphrena  globosa  Linn. 

Gomphrena  globosa  Linn.;  Merr.,  Enum.  Bom.  PI.  (1921)  246;  Enum. 
Philip.   Fl.  PI.   2    (1923)    132. 

No.  15i8,  in  open  places.     Pantropic,  cultivated  and  wild. 

NYCTAGINACE^ 

Genus  MIRABILIS  Linnaeus 

Mirabilis  jalapa  Linn. 

Mirahilis  jalapa  Linn.;  Merr.,  Enum.  Philip.  Fl.  PI.  2    (1923)   132. 

No.  1355,  in  open  places,  apparently  here  an  escape  from 
cultivation.  Pantropic,  cultivated  and  naturalized,  a  native  of 
Mexico,  not  recorded  from  Borneo  proper. 

MENISPERMACE-^ 
Genus  PYCNARRHENA  Miers 

Pycnarrhena  elliptica  Diels. 

Pycnarrhena  elliptica  Diels  in   Engl.   Pflanzenreich   46    (1910)    54; 
Merr.,  Enum.  Philip.  Fl.  PL  2  (1923)  144. 

No.  1583,  near  the  seashore.  Previously  known  only  from 
Palawan. 

Genus  COSCINTTM  Colebrooke 

Coscinum  fenestratum  (Gaertn.)  Colebr. 

Coscinum  fenestratum    (Gaertn.)    Colebr.;    Merr.,   Enum.   Bom.   PI. 
(1921)    248. 

No.  1657,  in  forests  at  low  altitudes.  India  to  Ceylon,  Su- 
matra, and  Borneo.  No  representative  of  the  genus  is  known 
from  the  Philippines. 
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The  specimen  is  in  fruit ;  flowers  are  desirable.  Dr.  L.  Diels, 
to  whom  I  submitted  a  specimen,  states  that  this  identification 
is  correct  so  far  as  the  material  goes.  There  is  a  good  deal  of 
heterophylly  in  the  genus  and  the  limits  of  the  few  species  are 
not  satisfactorily  known. 

Genus  TINOSPORA  Miers 
Tinospora  reticulata  Miers. 

Tinospora  reticulata  Miers;   Merr.,  Enum.  Philip.  Fl.  PL   2    (1923) 
146. 

No.  IJfSJf.,  near  the  seashore.  Previously  known  only  from  the 
Philippines,  where  it  occurs  throughout  the  group,  from  the  Ba- 
tan  Islands  to  Mindanao  and  Palawan. 

The  identification  is  by  Doctor  Diels,  who  states  that,  in  the 
absence  of  flowers  and  although  the  fruits  are  immature,  he  is 
fairly  certain  that  the  specimen  belongs  to  this  species. 

Genus  PERICAMPYLUS  Miers 

Pericampylus  glaucus  (Lam.)  Merr. 

Pericampylus  glaucus   (Lam.)   Merr.,  Enum.  Born.  PI.   (1921)    250; 
Enum.  Philip.  Fl.  PI.  2    (1923)   148. 

No.  15i7y  in  open  places.  India  through  Malaysia  to  the 
Moluccas. 

Genus  STEPHANIA  Loureiro 
Stephania  sp. 

No.  1609,  in  forests. 

ANONACE^ 
Genus  UVAEIA  Linnaeus 

Uvaria  micrantha  (DC.)  Hook.  f.  &  Th. 

Uvaria  micrantha   (DC.)    Hook.  f.  &  Th.;   Merr.,  Enum.  Philip.  Fl. 
PL  2    (1923)    155. 

No.  1122,  in  forests.  Burma  to  Sumatra,  Borneo,  and  the 
Philippines. 

Uvaria  purpurea  Blume. 

Uvaria  purpurea  Blume;  Merr.,  Enum.  Born.  PI.  (1921)  254;  Enum. 
Philip.  Fl.  PI.  2    (1923)   156. 

Nos.  113 Jf,  1687,  in  forests  near  the  seashore.  Southeastern 
China  to  Malaysia. 

Genus  PSEUDUVARIA  Miquel 
Pseuduvaria  sp.? 

No.  1363,  in  primary  forests.  The  specimen  is  in  fruit;  flow- 
ers are  essential  to  determine  its  proper  generic  position. 
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Genus  GONIOTHALAMUS  Hooker  f .  and  Thomson 

Goniothalamus  sp. 

Nos.  1129,  1607,  in  forests.  The  same  as  a  form  that  occurs 
in  British  North  Borneo,  probably  undescribed,  but  the  material 
is  too  fragmentary. 

Genus  MITREPHORA  Hooker  f .  and  Thomson 

Mitrephora  williamsii  G.  B,  Rob. 

Mitrephora  williamsii  C.   B.  Rob.;   Merr.,   Enum.  Philip.   Fl.  PI.   2 
(1923)   169. 

No.  1523,  in  second-growth  forests.     Mindanao. 

Genus  DASYMASCHALON  Blume 

Dasymaschalon  clusiflorum  Merr. 

Dasymaschalon  clusiflorum  Merr.,  Enum.  Philip.  Fl,  PI.  2  (1923)  176. 

No.  1885,  in  primary  forests.  Throughout  the  Philippines  but, 
other  than  this  collection,  not  known  outside  of  the  Archipelago. 

Genus  ANONA  Linnaeus 

Anona  muricata  Linn. 

Anona  muricata  Linn.;  Merr.,  Enum.  Born.  PL   (1921)   267;  Enum. 
Philip.  Fl.  PI.  2  (1923)  177. 

No,  1895,  cultivated.  Pantropic  in  cultivation,  native  of  trop- 
ical America.     The  soursop. 

MYRISTICACE^ 
Genus  MYRISTICA  Linnaeus 
Myristica  guatteriaefolia  A.DC. 

Myristica   guatteriaefolia   A.DC;    Merr.,    Enum.    Born.    PI.    (1921) 
296;  Enum.  Philip.  Fl.  PI.  2   (1923)   178. 

No,  162i,  in  forests.  Throughout  the  Philippines,  also  in  Bri- 
tish North  Borneo  and  in  Labuan. 

Genus  KNEMA  Loureiro 

Knema  glomerata  (Blanco)  Merr. 

Knema  glomerata    (Blanco)    Merr.,   Enum.   Bom.   PL    (1921)    270; 
Enum.  Philip.  Fl  PL  2  (1923)  188. 

No.  1451,  in  primary  forests,  altitude  200  meters.  Philippines 
and  British  North  Borneo. 
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MONIMIACE^ 

Genus  KIBARA  Endlicher 

Kibara  motleyi  Perk. 

Kibara  motleyi  Perk.;  Merr.,  Enum.  Born.  PI.   (1921)   272. 

No,  1639,  in  forests,  altitude  about  30  meters.  This  is  de- 
scribed as  a  tree  15  feet  high,  but  Perkins  describes  the  species 
as  a  vine.  The  other  characters  agree  better  with  the  descrip- 
tion of  Kibara  motleyi  Perk,  than  with  K,  cuspidata  Blume. 
Previously  known  only  from  Labuan. 

LAURACE^ 

Genus  ACTINODAPHNE  Nees 

Actinodaphne  sp.? 

No.  1390,  in  open  forests.  The  specimen  is  in  fruit;  flowers 
are  necessary  to  place  it  with  certainty  in  the  genus. 

Genus  LITSEA  Lamarck 
Litsea  amara  Blume. 

Litsea  amara  Blume;  Merr.,  Enum.  Born.  PI.    (1921)    275. 

Nos.  139 Jf,  H20,  in  forests.  Burma  to  Sumatra,  Java,  and 
Borneo,  but  not  known  from  the  Philippines. 

Genus  ORYPTOCARYA  R.  Brown 
Cryptocarya  sp. 

No.  1386,  in  primary  forests.  The  specimen  has  immature 
fruits.  It  is  apparently  allied  to  Cryptocarya  palawanensis 
Merr. 

Genus  CASSYTHA  Linnaeus 

Cassytha  filifonnis  Linn. 

Cassytha  fiUiformis  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  280;  Enum. 
Philip.  Fl.  PI.  2    (1923)   204. 

No.  166 Jf,,  along  the  seashore.     Pantropic. 

HERNANDIACE^ 

Genus  HERNANDIA  Plumier 

Hemandia  ovigera  Linn. 

Hernandia  ovigera  Linn.;  Merr.,  Enum.  Philip.  Fl.  PL  2   (1923)   206. 
Hemandia  peltata  Meisn.;  Merr.,  Enum.  Born.  PI.    (1921)    280. 
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No.  lJf26,  along  the  seashore.  A  characteristic  strand  tree 
extending  from  eastern  Africa  to  Polynesia. 

CAPPARIDACE^ 

Genus  CAPPARIS  Tournefort 

Capparis  micracantha  DC. 

Capparis  micracantha  DC;  Merr.,  Enum.  Philip.  Fl.  PI.  2  (1923)  212. 

No.  16 Wy  near  the  seashore.  Burma  and  Indo-China  to  the 
Moluccas,  but  not  reported  from  Borneo  proper. 

Genus  CRATAEVA  Linnseus 
Crataeva  macrocarpa  Kurz. 

Crataeva  macrocarpa  KuRZ  in  Journ.  Bot.   12    (1874)    195,  t.  1^8. 
No.  14.82,  near  the  seashore.     Indo-China  and  the  Malay  Pen- 
insula.    No  representative  of  the  genus  has  hitherto  been  re- 
corded from  Borneo. 

NEPENTHACE^ 

Genus  NEPENTHES  Linnseus 
Nepenthes  rafflesiana  Jack. 

Nepenthes  rafflesiana  Jack;   Merr.,  Enum.  Born.  PL    (1921)    284. 
No,  1751,  from  Balambangan  Island,  in  fresh-water  swamp 
at  low  altitudes,  det.  Macfarlane.     Malay  Peninsula,  Sumatra, 
Bangka. 

ROSACEA 

Genus  RUBUS  Tournefort 
Rubus  moluccanus  Linn. 

Ruhits  moluccanus  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  288;  Enum. 
Philip.  Fl.  PI.  2   (1923)  228. 

No.  1667,  at  low  altitudes.  Widely  distributed  in  the  Indo- 
Malaysian  region,  extending  to  western  Polynesia. 

CONNARACE^gS 
Genus  CONNARUS  Linnseus 
Connarus  stellatus  Merr. 

Connarus  stellatus  Merr.  in  Philip.  Journ.  Sci.  4    (1909)    Bot.  119; 
Enum.  Philip.  Fl.  PI.  2   (1923)  238. 

No.  1U70,  near  the  seashore.  A  species  previously  known 
only  from  the  neighboring  island  of  Balabac,  in  the  Philippine 
group. 
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LEGUMINOS^ 

Genus  PITHECOLOBIUM  Martius 
Pithecolobium  motleyanum  Benth.? 

Pithecolohium  motleyanum  Benth.?;  Merr.,  Enum.  Born.  PI.    (1921) 
293. 

No.  1376,  in  primary  forests.  A  species  known  only  from 
Borneo;  the  identification  of  the  cited  specimen  uncertain. 

Genus  ALBIZZIA  Durazzini 

Albizzia  retusa  Benth. 

Albizzia  retusa  Benth.;  Merr.,  Enum.  Philip.  Fl.  PL  2  (1923)  247. 

No.  1506,^2i\ong  the  seashore.  Not  recorded  from  Borneo 
proper,  although  certainly  occurring  there.  A  strand  tree  ex- 
tending from  the  Nicobar  Islands  throughout  Malaysia  and  the 
Philippines  to  the  Caroline  Islands. 

Genus  ENTADA  Adanson 
Entada  phaseoloides   (Linn.)   Merr. 

Entada  phaseoloides    (Linn.)    MERR.,   Enum.   Born.   PL    (1921)    295; 
Enum.  Philip.  Fl.  PL  2    (1923)   252. 

Nos.  1119,  1337,  1691,  in  open  forests.     Pantropic. 

Genus  CYNOMETBA  Linnseus 
Cynometra  bijuga  Spanoghe  var.  mimosoides  (Wall.)  Merr. 

Cynometra  bijuga  Spanoghe  var.  mimosoides   (Wall.)    Merr.,  Enum. 
Philip.  FL  PL  2  (1923)  254. 

No.  1638,  along  the  seashore.  This  is  possibly  the  form  re- 
corded from  Borneo  proper  as  Cynometra  ramiflora  Linn.  India 
to  Malaysia. 

Genus  CAESALPINIA  Linnseus 

Caesalpinia  crista  Linn. 

Caesalpinia  crista  Linn.  ;*  Merr.,  Enum.  Born.  PL  (1921)  300;  Enum. 
Philip.  FL  PL  2   (1923)   266. 

No,  1700,  along  the  seashore.     A  pantropic  strand  plant. 

Caesalpinia  pulcherrima  (Linn.)  Sw. 

Caesalpinia  pulcherrima  (Linn.)  Sw.;  Merr.,  Enum.  Born.  PL  (1921) 
301;   Enum.  Philip.  Fl.  PL  2    (1923)    267. 

No.  1549,  near  the  seashore.  Pantropic  in  cultivation,  native 
of  tropical  America. 
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Caesalpinia  sappan  Linn. 

Caesalpinia  sappan  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  301;  Enum. 
Philip.  Fl.  PI.  2   (1923)   247. 

Nos,  1353,  17i9,  the  latter  from  Balambangan  Island.     In  old 
clearings.     Widely  distributed  in  the  Old  World  Tropics. 

Genus  MEZONEURUM  Desfontaines 

Mezoneurum  latisliquum  (Cav.)  Merr. 

Mezoneurum  latisiliquum  (Cav.)  Mere.,  Enum.  Philip.  FI.  PL  2  (1923) 
268. 

No.  1537,  in  forests.    Widely  distributed  in  the  Philippines, 
occurring  also  in  Timor ;  not  recorded  from  Borneo  proper. 

Genus  PELTOPHORUM  Vogel 

Peltophorum  inenne  (Roxb.)  Naves. 

Peltophorum  inerme  (Roxb.)   Naves;  Merr.,  Enum.  Born.  PL   (1921) 
301;  Enum.  Philip.  Fl.  PL  2   (1923)   269. 

No.  lJf28,  along  the  seashore.     Indo-China  to  the  Andaman  Is- 
lands through  Malaysia  to  tropical  Australia. 

Genus  SOPHORA  Linnaeus 
Sophora  tomentosa  Linn. 

Sophora  tomentosa  Linn.;  Merr.  Enum.  Born.  PL  (1921)  302;  Enum. 
Philip.  Fl.  PL  2   (1923)   270. 

Nos.  1634,  1743,  the  latter  from  Balambangan  Island,  along 
the  seashore.     A  pantropic  strand  plant. 

Genus  CROTALARIA  Dillenius 
Crotalaria  retusa  Linn. 

Crotalaria  retusa  Linn.;  Merr.,  Enum.  Philip.  Fl.  PL  2    (1923)   273. 

No.  1659,  in  open  places.     A  pantropic  weed,  although  not 
definitely  recorded  from  Borneo  proper. 

Genus  WHITFORDIODENDRON  Elmer 
Whitfordiodendron  nieuwenhuisii  (J.  J.  Sm.)  comb.  nov. 

Millettia   nieuwenhuisii  J.    J.    Sm.    in    Bull.    Dept.    Agr.    Neerl.    Ind. 

3   (1906)   17. 
Adinahotrys  niemvenhuisii  DuNN  in  Kew  Bull.    (1911)    196;   Merr., 

Enum.  Born.  PL   (1921)   303. 

No.  1335,  in  open  forests.     A  species  hitherto  known  only 
from  Borneo  proper. 
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Genus  DESMODIUM  Desvaux 

Desmodiuin  heterocarpum  (Linn.)   DC. 

Desmodium    heterocarpum    (Linn.)    DC;    Merr.,    Enum.    Born.    PL 
(1921)    304;   Enum.  Philip.  FL  PL   2    (1923)    285. 

No.  1,692,  in  open  places.     Old  World  Tropics  generally. 

Desmodium  umbellatum   (Linn.)   DC. 

Desmodium  umbellatum  (Linn.)  DC;  Merr.,  Enum.  Born.  PL  (1921) 
305;  Enum.  Philip.  FL  PL  2   (1923)   290. 

Nos,  1351,  IJflS,  along  the  seashore.  Old  World  Tropics  gen- 
erally, along  the  seashore. 

Genus  DAIBERGLA  Linnseus  f . 

Dalbergia  caiidenatensis   (Dennst.)   Prain. 

Dalbergia  candenatensis    (Dennst.)    Prain;    Merr.,   Enum.   Born.  PL 
(1921)   306;  Enum.  Philip.  FL  PL  2   (1923)   294. 

No,  liiS,  a  littoral  species  extending  from  India  to  southern 
China,  New  Guinea,  tropical  Australia,  and  the  Caroline  and 
Marianne  Islands. 

Genus  PONGAMIA  Ventenant 

Pongamia  pinnata   (Linn.)    Merr. 

Pongamia   pinnata    (Linn.)    Merr.,    Enum.    Born.    PL    (1921)    307; 
Enum.  Philip.  FL  PI.  2    (1923)    298. 

No.  1715,  along  the  seashore.  A  littoral  species  extending 
from  tropical  Asia  to  tropical  Australia  and  Polynesia. 

Genus  DERRIS  Loureiro 

Derris  trifoliata  Lour. 

Derris  trifoliata  Lour.;  Merr.,  Enum.  Born.  PL   (1921)   308;  Enum. 
Philip.  FL  PL  2   (1923)  301. 

No.  1500,  along  the  seashore.  Old  World  Tropics  generally, 
within  the  influence  of  salt  or  brackish  water. 

Genus  CLITOEIA  Linnseus 

Clitoria  tematea  Linn. 

Clitoria  ternatea  Linn.;  Merr.,  Enum.  Bom.  PL   (1921)   309;  Enum. 
Philip.   FL  PL   2    (1923)    303. 

No.  1587,  in  waste  places.     Pantropic. 

Genus  MUOUNA  Adanson 

Mucuna  gigantea  (Willd.)   DC. 
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Mucuna  gigantea  (Willd.)  DC;  Merr.,  Enum.  Born.  PI.   (1921)  309; 
Enum.  Philip.  Fl.  PI.  2  (1923)  308. 

No.  HIS,  near  the  seashore.     India  to  Polynesia,  near  the  sea. 
Genus  SPATHOLOBUS  Hasskarl 

Spatholobus  gyrocarpus    (Wall.)    Benth. 

Spatholohus   gyrocarpus    (Wall.)    Benth.;    Merr.,    Enum.    Bom.    PL 
(1921)  310;  Enum.  Philip.  Fl.  PI.  2  (1923)  310. 

Nos.  15 SO,  1679,  in  forests.  Malay  Peninsula,  Borneo,  and 
the  Philippines. 

Genus  CANAVALIA  de  Candolle 

Canavalia  microcarpa  (DC.)  Piper. 

Canavalia  microcarpa   (DC.)   Piper;  Merr.,  Enum.  Philip.  Fl.  PI.  2 
(1923)   313. 

No.  1571,  in  thickets  and  open  forests.  India  to  southern 
China,  Malaysia,  and  Polynesia,  but  not  definitely  recorded  from 
Borneo  proper. 

Canavalia  maritima  (Aubl.)  Thouars. 

Canawalia  maritima    (Aubl.)    Thouars  in   Desv.   Journ.   de   Bot.    1 

(1813)  80;  Piper  in  Contr.  U.  S.  Nat.  Herb.  20  (1925)  564. 
Dolichos  maritimus  Aubl.,  PI.  Guian.  Franc.   (1775)  765. 
Canavalia  rosea  DC;    Merr.,   Enum.  Philip.   Fl.   PL   2    (1923)    313. 
Canavalia  lineata  Merr.,  Enum.  Born.  PI.   (1921)  310,  non  DC. 

No.  lJf98,  on  sandy  seashores.  A  pantropic  strand  plant  for 
which  the  oldest  specific  name  is  that  indicated  above,  as  shown 
by  Piper  1.  c. 

Genus  VIGNA  Savi 

Vigna  marina  (Burm.)  Merr. 

Vigna  marina   (Burm.)   Merr.,  Enum.  Philip.  Fl.  PL  2   (1923)   320. 
No.  1585,  along  the  seashore.     A  pantropic  strand  plant  more 
commonly  known  as  Vigna  lutea  A.  Gray;  not  recorded  from 
Borneo  proper,  but  certainly  occurring  there. 

Genus  DOLICHOS  Linnseus 
Dolichos  lablab  Linn. 

Dolichos  lablab  Linn.;  Merr.,  Enum.  Born.  PI.   (1921)   311,  in  note; 
Enum.  Philip.  Fl.  PI.  2   (1923)  321. 

No.  Ii78,  in  cultivated  land.  Pantropic  in  cultivation,  often 
naturalized. 
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SIMARUBACE^ 

Genus  BRUCEA  j;.  S.  Miller 

Brucea  amarissima  (Lour.)  Desv. 

Brucea  amarissima  (Lour.)  Desv.  ex  Gomes  in  Mem.  Acad.  Sci.  Lisb. 
N.  S.  4  (1872)  30;  Merr.,  Enum.  Born.  PI.  (1921)  316;  Enum. 
Philip.  Fl.  PI.  2   (1923)  347. 

No.  13 Ul,  in  open  forests.  India  to  southern  China  through 
Malaysia  to  tropical  Australia. 

Desvaux  is  the  author  of  the  first  transfer-  of  Loureiro's  spe- 
cific name,  as  indicated  above.  The  species  is  more  commonly 
known  as  Brucea  sumatrana  Roxb. 

Genus  EURYCOMA  Jack 
Eurycoma  longifolia  Jack. 

Eurycomxi  longifolia  Jack;   Merr.,  Enum.  Born.  PI.   (1921)    316. 

No.  1750,  from  Balambangan  Island,  on  open  slopes.  Indo- 
China,  the  Malay  Peninsula,  Sumatra,  Java,  and  Borneo,  but  not 
knov^n  from  the  Philippines,  where  the  genus  is  represented  by 
an  allied  species. 

Genus  SOULAMEA  Lamarck 
Sonlamea  amara  Lam. 

Soulamea  amara  Lam.,  Encycl.  1    (1785)  449. 

No.  Ih^hy  along  the  seashore.  Moluccas  to  the  Bismarck  Ar- 
chipelago. No  representative  of  the  genus  is  known  from  either 
Borneo  proper  or  the  Philippines. 

RUTACE^ 
Genus  EVODIA  Forster 
Evodia  bintoco  Blanco. 

Evodia  bintoco  Blatico;  Merr.,  Enum.  Philip.  Fl.  PL  2   (1923)   328. 

No.  1721,  in  open  places.  Widely  distributed  in  the  central 
and  southern  Philippines;  also  occurring  in  British  North 
Borneo. 

Genus  MICROMELUM  Blume 
Micromeluin  minutum  (Forst.  f.)  Seem. 

Micromelum  minutum  (Forst.  f.)  Seem.;  Merr.,  Enum.  Philip.  Fl. 
PI.  2   (1923)  335. 

No.  1638,  near  the  seashore.  Curiously,  no  representative  of 
this  genus  is  recorded  from  Borneo  proper,  although  the  pres- 
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ent  species,  more  commonly  known  as  Micromelum  pubescens 
Blume,  certainly  occurs  there.  India  to  southern  China  through 
Malaysia  to  tropical  Australia  and  Polynesia. 

Genus  CLAUSENA  Burman  f . 
Clausena  excavata  Burm.  f . 

Clausena  excavata  Burm.  f.;   Merr.,  Enum.   Born.   PI.    (1921)    314; 
Enum.  Philip.  Fl.  PL  2   (1923)  337. 

No.  1332,  in  open  forests.  India  to  Indo-China  and  Malaysia, 
occurring  in  the  Philippines  only  in  those  parts  nearest  Borneo, 
Palawan  to  Mindoro,  and  in  the  Sulu  Archipelago. 

Genus  ATALANTIA  Correa 
Atalantia  disticha  (Blanco)  Merr. 

Atalantia  disticha   (Blanco)   Merr.,  Enum.  Philip.  Fl.  PI.  2    (1923) 
339. 
No.  1665,  near  the  seashore.     Throughout  the  Philippines,  but 
otherwise  not  known  from  outside  of  the  Archipelago. 

Atalantia  sp.? 

Nos.  13^8,  1713,  in  primary  forests. 

A  strongly  marked  species,  of  which  unfortunately  no  flowers 
are  available.  Most  of  the  petioles  are  winged,  as  in  Citms  au- 
rantifolia  Swingle,  and  are  jointed  as  in  Citrus.  The  fruits  are 
fleshy,  globose,  1.5  to  2  cm  in  diameter,  few-seeded,  resembling 
Citrus.  The  sepals  are  linear  or  strap-shaped,  free,  persistent, 
1  cm  long  and  about  1.5  mm  wide,  in  this  character  the  species 
differing  from  both  Citrus  and  Atalantia.  Dr.  W.  T.  Swingle, 
who  has  examined  a  specimen,  states  that  the  segment  walls  are 
covered  with  hairlike  structures  homologous  to  the  pulp  vesicles 
of  Citrus,  but  with  this  form,  as  in  other  species  of  Atalantia, 
they  are  simply  hairlike  structures  and  not  true  pulp  vesicles. 
Perhaps  an  undescribed  genus  is  represented  here. 

BURSERACE^ 

Genus  OANARIUM  Linnaeus 

Canarium  villosum  (Blume)  F.-Vill. 

Canarium  villosum    (Blume)    F.-Vill.;    Merr.,  Enum.   Philip.   Fl.   PI. 
2    (1923)    354. 

No.  lJf33,  in  forests.  Abundant  throughout  the  Philippines, 
but  hitherto  not  known  from  outside  the  Archipelago. 
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MELIACE^ 

Genus  XYLOCARPUS  Koenig 

Xylocarpus  granatum  Koenig. 

Xylocarpus  granatwm  Koenig;  Merr.,  Enum.  Born.  PL   (1921)    318; 
Enum.  Philip.  Fl.  PI.  2   (1923)  258. 

No,  1365,  along  tidal  streams.     India  to  New  Caledonia. 

Genus  CHISOCHETON  Blume 

Chisocheton  pentandrus  (Blanco)  Merr. 

Chisocheton  pentandrus    (Blanco)    Merr.,    Enum.    Philip.    Fl.    PI.   2 
(1923)  367. 

Nos.  lUUly  1612 y  in  forests.  Common  throughout  the  Phil- 
ippines, but  hitherto  not  known  from  outside  the  Archipelago. 

Genus  DYSOXYLUM  Blume 

Dysoxylum  arborescens   (Blume)   Miq. 

Dysoxylum  arborescens  (Blume)  Miq.;  Merr.,  Enum.  Born.  PI.  (1921) 
320;  Enum.  Philip.  Fl.  PI.  2  (1923)  362. 

No.  15 OS,  near  the  seashore.  Sumatra  to  Indo-China  through 
Malaysia  to  Celebes,  Ceram,  and  the  Philippines. 

Genus  APHANAMIXIS  Blume 

Aphanamixis  tripetala  (Blanco)  Merr. 

Aphanamixis  tripetala  (Blanco)  Merr.,  Enum.  Philip.  Fl.  PI.  2   (1923) 
370. 

No.  14S1,  in  forests,  altitude  30  meters.  Widely  distributed 
in  the  Philippines  but  hitherto  not  known  from  outside  the 
Archipelago,  unless  this  Philippine  form  be  reducible  to  Apha- 
namixis rohituka  Pierre. 

Genus  AGLAIA  Loureiro 
Aglaia  affinis  Merr. 

Aglaia  affinis  Merr.,  Enum.  Philip.  Fl.  PI.  2   (1923)   371. 

Nos.  IWS,  lUh2,  160 U,  in  forests  at  low  altitudes.  The  spec- 
imens are  all  with  fruits,  hence  the  identification  is  somewhat 
doubtful.  The  species  to  which  they  are  referred  occurs  in  Ba- 
labac  Island  and  in  western  Mindanao.  In  many  respects  the 
material  resembles  the  Javan  Aglaia  odoratissima  Blume. 

Aglaia  cumingiana  Turcz. 

Aglaia  cumingiana  Turcz.;  Merr.,  Enum.  Philip.  Fl.  PL  2  (1923)  372. 

No.  1474,  in  forests  at  low  altitudes.  Throughout  the  Phil- 
ippines, but  hitherto  not  reported  from  outside  the  Archipelago. 


29, 3  Merrill:  The  Flora  of  Banguey  Island  379 

No.  1625,  a  specimen  with  immature  fruit,  apparently  rep- 
resents a  species  of  this  genus  allied  to  Aglaia  cundngiana. 
The  younger  parts  are,  however,  somewhat  lepidote,  not  gla- 
brous. 

Aglaia  multifohola  Merr. 

Aglaia  multifoliola  Merr.,  Enum.  Philip.  Fl.  PI.  2   (1923)  377. 

No.  H71,  in  forests.  Central  and  southern  Philippines  and 
the  Moluccas;  not  recorded  from  Borneo  proper. 

Aglaia  sp. 

No.  lUU9y  in  forests.  A  very  strongly  marked  species,  ap- 
parently belonging  in  the  group  with  Aglaia  hemsleyi  Koord. 
The  specimen  is  with  fruits;  flowers  are  essential. 

Genus  WAISURA  Roxburgh 
Walsura  sp. 

Nos.  1366,  1596,  in  primary  forests.  Both  specimens  are 
with  fruits  and  apparently  represent  a  species  closely  allied 
to  the  Philippine  Walsura  villamilii  Merr. 

MALPIGHIACE^ 
Genus  TRISTELLATEIA  Thouars 

Tristellateia  australasiae  A.  Rich. 

Tristellateia  australasiae  A.  Rich.;  Merr.,  Enum.  Born.  PI.    (1921) 
324;  Enum.  Philip.  Fl.  PL  2    (1923)   380. 

No.  1621,  along  the  seashore.  Within  the  influence  of  salt  or 
brackish  water,  from  the  Malay  Peninsula  to  New  Caledonia. 

POLYGALACE^ 
Genus  XANTHOPHYLLUM  Roxburgh 
Xanthophyllum  sp. 

No.  1673,  in  forests.  Apparently  very  closely  allied  to  Xan- 
thophyllum  stipitatum  Benn.  of  the  Malay  Peninsula,  and  like 
that  species  bearing  edible  fruits.  Unfortunately,  no  flowers 
are  present  and  the  old  fruits  collected  are  in  very  fragmentary 
condition.  Mr.  Melegrito  states  that  the  fruit  is  green  and 
yellow  when  ripe  and  is  one  of  the  most  valuable  native  fruits 
on  the  island. 

EUPHORBIACE^ 
Genus  GLOCHIDION  Forster 

Glochidion  kollmannianum  (Muell.-Arg.)  J.  J.  Sm. 

Glochidion   kollmannianum    (Muell.-Arg.)    J.   J.   Sm.;    Merr.,    Enum. 
Born.   PI.    (1921)    328. 
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No,  1517,  in  open  places.  Java,  Borneo,  and  Celebes;  not 
known  from  the  Philippines. 

Glochidion  littorale  Blume. 

Glochidion    littorale    Blume;    Merr.,    Enum.    Born.    PI.     (1921)     328; 
Enum.   Philip.   Fl.   PI.   2    (1923)    399. 

No,  1566,  along  the  seashore.  India  to  Java,  Borneo,  and  the 
Philippines  near  the  sea. 

Glochidion  rubruin  Blume  var.  ? 

Glochidion   ruhrum   Blume   var.?;    Merr.,    Enum.    Philip.    Fl.    PI.    2 
(1923)   402. 

Nos,  1518,  17 SO,  the  latter  from  Balambangan  Island,  in  open 
places.  The  specimens  closely  approximate  Bornean  material 
received  from  Buitenzorg  under  the  name  G,  ruhrum^  Bl.  var. 
longistylum.  The  species  extends  from  the  Malay  Peninsula 
to  Sumatra,  Java,  Borneo,  and  the  Philippines. 

Genus  DRYPETES  Vahl 

Drypetes  littoralis  (C.  B.  Rob.)  comb.  nov. 

Cyclostemon   littoralis   C.   B.    Rob.   in   Philip.   Journ.    Sci.    3    (1908) 
Bot.  198;  Merr.,  Enum.  Philip.  Fl.  PI.  2  (1923)  407. 

No,  1620,  near  the  seashore.  Northern  and  central  Philip- 
pines, extending  to  Palawan,  but  not  knov^n  from  Borneo  pro- 
per. Pax  and  Hoffmann  reduce  this  species  to  Drypetes  cu- 
mingii  (Baill.)  Pax  and  Hoffm.,  a  disposition  of  it  that  I  am 
not  prepared  to  accept. 

Drypetes  sp. 

No.  156S,  in  forests.  Probably  undescribed,  but  flowering 
material  desirable. 

Genus  ANTIDESMA  Burman 

Antidesma  bangueyense  Merr. 

Antidesma  bangueyense  Merr.  in  Philip.  Journ.  Sci.  24    (1924)    114. 

Nos.  1121,  1539,  in  forests.  A  species  known  only  from  this 
island. 

Antidesma  bunius  (Linn.)   Spreng. 

Antidesma    bunius    (Linn.)    Spreng.;    Merr.,    Enum.    Philip.    Fl.   PL 
2    (1923)    412. 

No.  1519,  in  open  places.  India  to  southern  China,  through 
Malaysia  to  tropical  Australia. 
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Antidesma  montanum  Blume. 

Antidesma  montanum  Blume;  Pax  &  Hoffm.  in  Engl.  Pflanzenreich 
81    (1922)   158. 

Nos.  IJfOJfy  16Jf,ly  near  the  seashore.  Certainly  representing 
Blume's  species,  as  interpreted  by  Pax  and  Hoffmann.  India  to 
southern  China,  Malaysia,  and  the  Philippines.  Antidesma  mo- 
ritzii  Muell.-Arg.^  belongs  here. 

Genus  CLEISTANTHTTS  Hooker  f . 

Cleistanthus  sumatranus  (Miq.)  Muell.-Arg. 

Cleistanthus   sumatranus    (Miq.)    Muell.-Arg.;    Merr.,    Enum.   Born. 
PI.   (1921)  335. 

No,  1660,  along  the  seashore.  Singapore  and  Sumatra  to 
Java,  Borneo,  Celebes,  and  the  Aru  Islands. 

Cleistanthus  sp. 

No,  1599,  in  level  forests.  A  species,  possibly  undescribed, 
apparently  belonging  in  the  section  Nanopetalum.  No  flowers 
available. 

Genus  DAPHNIPHYLLUM  Kurz 

Daphniphyllum  bancanum  Kurz. 

Daphniphyllum  bancanum  Kurz;   Rosenthal  in  Engl.  Pflanzenreich 
68 '^  (1919)   12. 

Nos,  172Uy  1767,  both  from  Balambangan.  In  forests  near 
mangrove  swamps.  Previously  known  only  from  Bangka,  but 
by  some  authors  reduced  to  Daphniphyllum  laurinum  BailL, 
which  extends  from  the  Malay  Peninsula  to  Sumatra,  Java,  and 
Borneo. 

Genus  CROTON  Linnaeus 

Croton  argyratus  Blume. 

Croton  argyratus  Blume;  Merr.,  Enum.  Born.  PL  (1921)  336;  Enum. 
Philip.  Fl.  PL  2   (1923)   425. 

No,  1565,  Sit  low  altitudes.  Burma  to  Java  and  the  Philip- 
pines. 

Croton  caudatus  Geisel. 

Croton  caudatus  Geisel.;  Merr.,  Enum.  Born.  PL  (1921)   336;  Enum. 
Philip.  Fl.  PL  2    (1923)    425. 

No,  1339,  in  open  forests.  Burma  to  Java  and  the  Philip- 
pines. 

"Merrill,  Enum.  Bom.  PL  (1921)  332. 
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Croton  heterocarpus  Muell.-Arg. 

Croton   heterocarpus    Muell.-Arg.;    Merr.,    Enum.    Born.    PI.    (1921) 
337;    Enum.   Philip.    Fl.   PI.    2    (1923)    426. 

No.  US 9,  near  mangrove  swamps.  Malay  Peninsula,  Su- 
matra, Java,  Borneo,  and  Palawan. 

Croton  tiglium  Linn. 

Croton  tiglium  Linn.;   Merr.,  Enum.   Born.  PI.    (1921)    337;   Enum. 
Philip.  Fl.  PL  2  (1923)  427. 

No.  1^66,  in  open  places.  India  to  southern  China  and  New 
Guinea. 

Genus  CLAOXYLON  Jussieu 
Claoxylon  sp. 

No.  1656,  in  forests.  Perhaps  belongs  in  the  section  Borne- 
ensia,  but  staminate  flowers  are  necessary  to  determine  its  re- 
lationships. The  inf ructescences  are  but  about  1  cm  long ;  fruits 
pubescent. 

Genus  MELANOLEPIS  Reichenbach  f .  and  Zollinger 

Melanolepis  multiglandulosa    (Reinw.)   Reichb.  f.  &  Zoll. 

Melanolepis    Tnultiglandulosa    (Reinw.)     Reichb.    f.    &    Zoll.;    Merr., 
Enum.  Born.  PI.   (1921)   340;  Enum.  Philip.  Fl.  PI.  2    (1923)   431. 

No.  15i6,  in  open  places.  Indo-China  through  Malaysia  to 
Java,  New  Guinea,  and  the  Marianne  Islands. 

Genus  MALLOTUS  Loureiro 

Mallotus  lackeyi  Elm. 

Mallotus  lackeyi  Elm.;   Merr.,  Enum.  Philip.   Fl.  PI.  2    (1923)    433. 

No.  1681,  in  open  forests.  Leyte,  Mindanao,  Palawan,  the 
Sulu  Archipelago,  and  British  North  Borneo. 

Mallotus  leucocalyx  Muell.-Arg. 

Mallotus    leucocalyx    Muell.-Arg.;    Merr.,    Enum.    Philip.    Fl.    PI.    2 
(1923)   434. 

No.  1516,  in  open  places.  Malay  Peninsula,  Philippines,  Ce- 
lebes, but  not  recorded  from  Borneo  proper. 

Mallotus  miquelianus  (Scheft\)   Boerl. 

Mallotus  miquelianus  (Scheff.)  Boerl.;  Merr.,  Enum.  Born.  PI.  (1921) 
339;   Enum.  Philip.   Fl.   PI.   2    (1923)    434. 

No.  1533,  in  forests.  Malay  Peninsula,  Sumatra,  Borneo,  and 
Palawan  and  Mindoro  in  the  Philippines. 
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Mallotus  ricinoides   (Pers.)  Muell.-Arg. 

Mallotus    ricinoides    (Pers.)     Muell.-Arg.;    Merr.,    Enum.    Bom.    PL 
(1921)   340;  Enum.  Philip.  Fl.  PL  2    (1923)   436. 

No.  1393,  in  open  forests.  Tenasserim  through  Malaysia  to 
tropical  Australia. 

Mallotus  tiliifolius  (Blume)  Muell.-Arg. 

Mallotus    tiliifolius    (Blume)    Muell.-Arg.;    Merr.,    Enum.   Born.    PL 
(1921)   340;  Enum.  Philip.  FL  PL  2   (1923)   436. 

No,  1357,  in  open  forests  at  low  altitudes.  Near  the  sea. 
Formosa  to  Sumatra,  through  Malaysia  to  tropical  Australia 
and  Samoa. 

Genus  WETRIA  Baillon 

Wetria  macrophylla  (Blume)  J.  J.  Sm. 

Wetria  macrophylla    (Blume)    J.   J.    Sm.;    Merr.,    Enum.    Bom.    PL 
(1921)   341;  Enum.  Philip.  FL  PL  2   (1923)   437. 

No.  112i,  in  forests.  Sumatra  and  Java,  through  Borneo  to 
the  Philippines  (Bancalan,  Negros,  Luzon). 

Genus  MACARANGA  Thouars 
Macaranga  pearsonii  sp.  nov.  §  Gigantex. 

Arbor  circiter  6  m  alta,  ramis  ramulisque  glabris,  pruinosis, 
ramis  plerumque  cavis,  ramulis  4  ad  5  mm  diametro ;  f oliis  longe 
petiolatis  (petiolo  8  ad  26  cm  longo,  glabro),  profunde  3-Iobatis, 
chartaceis,  15  ad  28  cm  longis  latisque,  basi  profunde  cordatis, 
haud  vel  anguste  peltatis,  palmatinerviis,  supra  glabris  vel 
nervis  plus  minusve  ferrugineo-tomentosis,  in  siccitate  pallide 
olivaceis,  subtus  pallidioribus,  granulari-glandulosis,  ad  costa 
nervisque  leviter  pilosis,  lobis  acuminatis,  margine  integris  vel 
distanter  calloso-denticulatis ;  stipulis  late  ovatis,  7  ad  10  mm 
longis,  glabris,  patulis  vel  adscendentibus,  deciduis;  infructes- 
centiis  axillaribus,  paniculatis,  pyramidatis,  11  ad  16  cm  lon- 
gis, ferrugineo-hirsutis;  bracteis  pubescentibus,  laciniatis,  cir- 
citer 5  mm  longis ;  capsulis  didymis,  glandulosis,  inermis,  circiter 
4  mm  longis,  5  mm  latis. 

Banguey  Island,  1672  P.  Castro  and  F.  Melegrito,  in  forests, 
altitude  about  50  meters,  August,  1923. 

A  species  clearly  belonging  in  the  section  Gigantese,  and  ap- 
parently distinct  from  the  three  species  placed  here  by  Pax  and 
Hoffmann,  as  well  as  from  the  more  numerous  ones  placed  in 
the  allied  section  Pruinosas.  The  leaves  vary  greatly  in  size, 
but  are  always  rather  deeply  cordate  and  only  occasionally  nar- 
rowly peltate,  the  petiole  being  inserted  at  most  1  cm  from  the 
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base.     The  species  is  dedicated  to  ex-Governor  A.  C.  Pearson, 
C.  M.  G.,  of  British  North  Borneo. 

Macaranga  tanarius  (Linn.)   Muell.-Arg. 

Macaranga   tanarius    (Linn.)    Muell.-Arg.;    Merr.,    Enum.   Born.    PI. 
(1921)    342;   Enum.  Philip.  Fl.   PL   2    (1923)    443. 

Nos.  13 id,  1580,  in  open  forests.  Andaman  Islands  to  For- 
mosa through  Malaysia  to  tropical  Australia.  Both  specimens 
cited  represent  the  variety  tomentosa  Muell.-Arg. 

Genus  ACALYPHA  Linnseus 
Acalypha  amentacea  Roxb. 

Acalypha  amentacea  Roxb.;    Merr.,    Enum.   Born.   PL    (1921)    343; 
Enum.  Philip.  Fl.  PL  2   (1923)   444. 

No.  IJfJfO,  in  open  places.  Throughout  the  Philippines,  and 
extending  to  Java  and  New  Guinea.  I  am  not  prepared  to  accept 
Pax  and  Hoffmann's  reduction  of  Roxburgh's  species  to  Acalypha 
fruticosa  Forsk.  without  more  evidence.  The  Banguey  form 
is  manifestly  the  same  as  the  Philippine  Acalypha  stipulacea 
Klotz.,  which  I  have,  rightly  or  wrongly,  reduced  to  Roxburgh's 
species,  the  type  of  which  was  from  the  Moluccas. 

Genus  RICmUS  Tournef ort 
Ricinus  communis  Linn. 

Ricinus  communis  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  344;  Enum. 
Philip.  FL  PL  2    (1923)    447. 

No.  1655,  in  open  places.  All  warm  countries,  planted  and 
naturalized. 

Genus  JATROPHA  Linnaeus 
Jatropha  curcas  Linn. 

Jatropha  curcas  Linn.;  Merr.,  Enum.  Born.  PL   (1921)   344;  Enum. 
Philip.   Fl.  PL   2    (1923)    449. 

No,  1553,  in  open  places.  Pantropic,  a  native  of  tropical 
America. 

Genus  GALEARIA  Zollinger  and  Moritzi 
Galearia  dolichobotrys  sp.  nov.  §  Eugalearia. 

Frutex  circiter  3  m  altus,  ramis  in  siccitate  pallide  brunneis, 
lenticellatis,  leviter  pubescentibus,  ramulis  teretibus,  pubescen- 
tibus,  circiter  2.5  mm  diametro;  foliis  chartaceis,  in  siccitate 
pallide  viridis,  nitidis,  oblongis,  10  ad  16  cm  longis,  4  ad  6 
cm  latis,  supra  glabra,  subtus  ad  costa  nervisque  leviter  pubes- 
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centibus,  basi  late  rotundatis,  plerumque  leviter  inaequilatera- 
libus,  subfalcato-acuminatis,  nervis  primariis  utrinque  circiter 
8,  subtus  perspicuis,  laxe  arcuato-anastomosantibus ;  petiolo 
hirsute,  5  ad  7  mm  longo;  inflorescentiis  $  terminalibus,  pen- 
dulis,  multifloris,  racemosis,  usque  ad  75  cm  longis,  subferru- 
gineo-pubescentibus,  bracteolis  minutis,  pubescentibus,  vix  1  mm 
longis;  floribus  $  fasciculatis,  numerosissimis,  albidis,  pedicel- 
latis,  pedicellis  pubescentibus,  3  ad  4  mm  longis ;  sepalis  oblongo- 
lanceolatis,  pubescentibus,  1.2  mm  longis;  petalis  glaberrimis, 
cochleato-concavis,  1.5  mm  longis,  intus  carinatis,  apice  leviter 
cucullatis,  deorsum  angustatis;  antheris  glabris,  filamentis  0.5 
ad  0.8  mm  longis;  ovario  rudimenti  subcylindrico,  1  mm  longo, 
deorsum  leviter  angustato,  apice  leviter  pubescenti. 

Banguey  Island,  1377  P.  Castro  and  F,  Melegrito,  August 
1,  1923,  in  primary  forests  at  low  altitudes. 

The  sixth  species  of  the  genus  to  be  recorded  from  Borneo, 
belonging  in  the  group  with  Galearia  phlebocarpa  Miq.,  well 
characterized  by  its  very  long  staminate  racemes.  The  petals 
are  entirely  glabrous. 

Genus  CODIAEUM  (Rumphius)   Jussieu 
Codiaeum  aiiine  sp.  nov. 

Frutex  monoicus,  circiter  2  m  altus,  ut  videtur  vix  ramosus, 
partibus  junioribus  inflorescentiisque  leviter  pubescentibus  ex- 
ceptis  glaber,  caulis  teretibus,  glabris,  ramulis  junioribus  leviter 
adpresse  hirsutis;  foliis  membranaceis  vel  subchartaceis,  gla- 
berrimis, anguste  oblongis  ad  oblanceolatis,  integris,  15  ad  25 
cm  longis,  4  ad  6  cm  latis,  basi  obtusis  ad  acutis,  apice  acutis, 
in  siccitate  subolivaceis,  nitidis,  utrinque  subconcoloribus ;  ner- 
vis primariis  utrinque  circiter  15,  subpatulis,  distantibus, 
perspicuis,  arcuato-anastomosantibus,  reticulis  laxis;  petiolo  5 
ad  7  cm  longo;  inflorescentiis  axillaribus,  solitariis  vel  binis, 
racemosis,  circiter  30  cm  longis,  leviter  pubescentibus;  floribus 
$  fasciculatis,  albidis,  pedicellis  leviter  pubescentibus,  ad  8  mm 
longis;  sepalis  5,  concavis,  orbiculari-ovatis,  4  ad  5  mm  longis, 
extus  leviter  pubescentibus;  staminibus  circiter  50,  filamentis 
2  ad  2.5  mm  longis,  glabris:  floribus  $  breviter  pedicellatis, 
haud  fasciculatis,  pedicellis  crassis,  circiter  1  mm  longis ;  sepalis 
ovatis,  acutis,  pubescentibus,  circiter  1.2  mm  longis;  ovario 
pubescenti,  stylis  tenuibus,  4  ad  5  mm  longis,  patulis,  bifidis; 
capsulis  junioribus  adpresse  pubescentibus,  trilobatis,  6  mm 
diametro. 

214420 6 
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Banguey  Island,  li78  P.  Castro  and  F,  Melegrito,  August, 
1923,  near  the  seashore. 

A  species  belonging  in  the  PhiHppine  group  with  Codiaeum 
luzonicum  Merr.  and  C.  palawanense  Elm.,  having  the  bifid 
styles  of  the  former,  differing  from;  it,  among  other  characters, 
by  its  much  fewer  stamens,  and  by  the  presence,  on  at  least 
some  specimens,  of  a  sessile,  oblong-elliptic  leaf  up  to  9  cm  long 
and  4  cm  wide  subtending  the  racemes.  In  the  latter  character 
the  present  species  resembles  Codiaeum  palawanense  Elm., 
which,  however,  has  very  much  larger  leaves.  No  representative 
of  this  Philippine  group  of  seven  species  has  hitherto  been  found 
outside  of  the  Archipelago. 

The  racemes  are  sometimes  solitary,  but  are  apparently  more 
commonly  in  pairs,  in  the  axil  of  a  modified  deciduous  leaf,  the 
staminate  inflorescence  superposed  over  the  pistillate  one.  Cu- 
riously, no  representative  of  Codiaeum  is  recorded  from  Borneo 
proper  although  numerous  cultivated  forms  of  C.  variegatum 
Blume  certainly  occur  there. 

Genus  OSTODES  Blume 

Ostodes  macrophyllus  (Muell.-Arg.)  Benth.  &  Hook.  f. 

Ostodes  macrophyllus  (Muell.-Arg.)  Benth.  &  Hook,  f.;  Merr.,  Enum. 
Born.  PI.  (1921)  345;  Enum.  Philip.  Fl.  PI.  2  (1923)  454. 

No.  1671,  in  forests.  Malay  Peninsula  and  Borneo  to  Lu- 
zon, Sibuyan,  and  Panay  in  the  Philippines. 

Genus  CHAETOCARPUS  Thwaites 

Chaetocaxpus  castanocarpus  (Roxb.)  Thwaites. 

Chaetocarpus  castanocarpus   (Roxb.)   Thwaites;  Merr.,  Enum.  Born. 
PI.   (1921)   346. 

No.  1727,  from  Balambangan  Island,  in  thickets  or  forests. 
India  and  Ceylon  to  the  Malay  Peninsula  and  Borneo ;  the  genus 
has  no  known  representative  in  the  Philippines. 

Genus  OMPHALEA  Linns&us 

Omphalea  sargentii  Merr. 

Omphalea   sargentii   Merr.    in    Philip.   Journ.    Sci.    16    (1920)    574; 
Enum.  Philip.  Fl.  PI.  2    (1923)    458. 

No.  1373,  in  primary  forests.  British  North  Borneo  and 
Bancalan  Island  in  the  Philippine  group,  the  latter  across  Ba- 
labac  Strait  from  Banguey  Island. 
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Genus  HOMALANTHUS  Jussieu 

Homalanthus  populneiis   (Geisel.)   Pax. 

Homalanthus    populnetts     (Geisel.)     Pax;    Merr.,    Enum.    Born.    PI. 
(1921)   347;  Enum.  Philip.  Fl.  PI.  2   (1923)   460. 

No.  1561,  in  open  places.  Malay  Peninsula  through  Ma- 
laysia to  the  Philippines  and  New  Guinea. 

Genus  EXCOECARIA  Linnaeus 

Excoecaria  macrophylla  J.  J.  Sm,.? 

Excoecaria  macrophylla  J.  J.  Sm.?;  Merr.,  Enum.  Born.  PL    (1921) 
347;   Enum.  Philip.  Fl.   PI.  2    (1923)    458. 

No,  1615,  in  forests.  The  specimen  is  in  fruit  and  differs 
from  Smith's  species,  notably  in  its  leaf  venation.  It  may  not 
belong  in  this  genus. 

Excoecaria  sp. 

No.  1371,  along  streams  at  sea  level,  the  specimen  in  fruit. 
Probably  belonging  in  the  group  with  Excoecaria  agallocha 
Linn.,  but  certainly  not  that  species.  It  is  also  represented 
by  No.  1817  D.  D.  Wood,  a  sterile  specimen  from  Ulo  Klias, 
British  North  Borneo. 

Genus  EUPHORBIA  Linnseus 

Euphorbia  hirta  Linn. 

Euphorbia  hirta  Linn.;  Merr.,  Enum.  Born.  PI.    (1921)   348;  Enum. 
Philip.  Fl.  PL  2   (1923)  462. 

No.  1702,  in  open  places.     A  pantropic  weed. 

Euphorbia  atoto  Forst.  f . 

Euphorbia   atoto    Forst.   f.;    Merr.,   Enum.    Born.    PI.    (1921)    348; 
Enum.  Philip.  Fl.  PI.   2    (1923)    461. 

No.  lJf27,  along  the  seashore.  A  characteristic  strand  plant 
of  the  Indo-Malaysian  and  Polynesian  regions. 

ANACARDIACE^ 

Genus  BUCHANANIA  Sprengel 

Buchanania  arborescens  (Blume)  Blume. 

Buchanania  arborescens    (Blume)    Blume;    Merr.,    Enum.    Born.    PI. 
(1921)  348;  Enum.  Philip.  Fl.  PL  2   (1923)  465. 

Nos.  IMi,  1562,  in  open  places.  Burma  through  Malaysia 
to  the  Philippines  and  Celebes. 
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Genus  MANGIFERA  Linnaeus 

Mangifera  caesia  Jack. 

Mangifera  caesia  Jack;  Merr.,  Enum.  Born.  PL   (1921)   349;  Enum. 
Philip.  Fl.  PI.  2    (1923)   468. 

No.  1693,  in  open  places.  Possibly  planted  as  it  is  in  some 
other  parts  of  Malaysia.  The  Malay  Peninsula  to  Java  and  the 
Philippines  (Sulu  Archipelago,  Basilan,  and  Mindanao). 

HIPPOCRATEACE^ 
Genus  SAMCIA  Linnaeus 

Salacia  prinoides   (Willd.)   DC. 

Salacia  prinoides  (Willd.)  DC;  Merr.,  Enum.  Born.  PL  (1921)  355; 
Enum.  Philip.  Fl.  PL  2    (1923)    487. 

No.  H68,  along  the  seashore.  India  through  Malaysia  to 
tropical  Australia. 

SAPINDACE^ 

Genus  ALLOPHYLUS  Linnseus 

AUophylus  timorensis  (DC.)  Blume. 

Allophylus  timorensis  (DC.)   Blume;  Merr.,  Enum.  Born.  PL   (1921) 
357;  Enum.  Philip.  FL  PL  2    (1923)   497. 

No.  1722,  near  the  seashore,  det.  Radlkofer.  Borneo  to  the 
Philippines,  tropical  Australia,  New  Hebrides,  and  the  Marshall 
Islands. 

Allophylus  glaber    (Roxb.)  Radlk. 

Allophylus  glaber  (Roxb.)  Radlk.;  Radlk.  in  Sitz.  Kgl.  Bayer.  Akad. 
Wissensch.  38^   (1908)    229. 

No.  1662,  near  the  seashore,  det.  Radlkofer.  India  and  Burma 
to  the  Sunda  Islands,  hitherto  not  definitely  recorded  from 
Borneo. 

Genus  OTOPHORA  Blume 

Otophora  fruticosa  (Roxb.)   Blume. 

Otophora  fruticosa  (Roxb.)   Blume;  Merr.,  Enum.  Born.  PL   (1921) 
358;  Enum.  Philip.  FL  PL  2    (1923)   500. 

No.  1577,  in  open  places.  Siam  through  Malaysia  to  the 
Philippines  and  the  Moluccas. 

Genus  EUPHORIA  Commerson 
Euphoria  sp.  nov.  fide  Radlk. 

No.  1650,  in  forests  near  the  seashore,  by  me  identified  as  the 
Philippine  Euphoria  gracilis  Radlk.,  and  the  duplicates  so  dis- 
tributed. 
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Genus  POMETIA  Forster 
Pometia  pinnata  Forst. 

Pometia  pinnata  Forst.;  Merr.,  Enum.  Born.  PL  (1921)  361;  Enum. 
Philip.  Fl.  PI.  2   (1923)  505. 

No.  1U22,  in  forests.  Malay  Peninsula  and  Archipelago  to 
New  Guinea  and  Polynesia. 

Genus  ARYTERA  Blume 
Arytera  litoralis  Blume. 

Arytera  litoralis  Blume;  Mere.,  Enum.  Born.  PI.  (1921)  361;  Enum. 
Philip.  Fl.  PI.  2   (1923)   512. 

No.  1623 y  near  the  seashore.  Burma  to  southern  China 
through  Malaysia  to  New  Guinea. 

Genus  MISCHOCARPUS  Blume 
Mischocarpus  sundaicus  Blume. 

Mischocarpus  sundaicus  Blume;  Merr.,  Enum.  Philip.  Fl.  PI.  2 
(1923)    513. 

No.  1786,  from  Balambangan  Island,  on  slopes.  Malay  Pe- 
ninsula to  southern  China  through  Malaysia  to  tropical  Aus- 
tralia, although  not  definitely  recorded  from  Borneo  proper. 

Genus  PARANEPHEIIUM  Blume 
Paranephelium  nitidxun  King. 

Paranephelium  nitidum  King  in  Journ.  As.  Soc.  Bengal  65  ^  (1896) 
'450  (Mat.  Fl.  Mai.  Penin.  2:  736);  Ridl.  Fl.  Mai.  Penin.  1 
(1922)    509. 

Nos.  156 Jf,  1757,  the  latter  from  Balambangan  Island,  in  for- 
ests.    Malay  Peninsula. 

No  representative  of  the  genus  is  recorded  from  either  Bor- 
neo or  the  Philippines.  The  specimens,  examined  by  Mr.  Ridley, 
are  reported  on  from  Kew  as  follows :  '* Paranephelium  nitidum 
or  very  near  it.  The  main  diiference  from  the  example  in 
the  herbarium  from  the  Malay  Peninsula  is  that  in  the  latter 
the  apex  of  the  fruit  is  umbonate,  whereas  in  Mr.  Merrill's 
specimen  the  apex  is  depressed."  Doctor  Radlkofer  verifies  this 
identification  for  both  specimens  cited. 

Genus  DODONAEA  Linnaeus 

Dodonaea  viscosa   (Linn.)   Jacq. 

Dodonaea  viscosa  (Linn.)  Jacq.;  Merr.,  Enum.  Bom.  PL  (1921)  362; 
Enum.  Philip.  Fl.  PI.  2    (1923)    514. 

No.  1747,  from  Balambangan  Island,  along  the  seashore. 
A  pantropic  strand  plant,  in  some  regions  occurring  far  inland. 
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RHAMNACE^ 
Genus  ZIZYPHUS  Tournefort 
Zizyphus  inermis  Merr. 

Zizyphus  inermis   Merr.   in   Govt.    Lab.   Publ.    (Philip.)    35    (1906) 
37;  Enum.  Philip.  Fl.  PL  2   (1923)  522. 

No.  Ii08,  in  forests.  Throughout  the  Philippines,  also  in 
Celebes,  but  otherwise  not  known  from  outside  the  Philippine 
group. 

Genus  COLUBRINA  L.  C.  Richard 

Colubrina  asiatica  (Linn.)   Brongn. 

Coluhrina  asiatica    (Linn.)    Brongn.;   Merr.,   Enum.   Philip.   Fl.   PL 
2   (1923)   525. 

No.  1581,  in  open  forest  at  sea  level.  Old  World  Tropics 
from  Africa  to  Polynesia,  but  not  definitely  recorded  from 
Borneo  proper,  although  certainly  occurring  there. 

VITACE^ 
Genus  TETRASTIGMA  Planchon 
Tetrastigma  loheri  Gagnep. 

Tetrastigma  loheri  Gagnep.  in  Not.  Syst.  1    (1910)   265,  323;  Merr., 
Enum.  Philip.  FL  PL  3   (1923)  4. 

No.  1120.  Luzon  to  Palawan  and  Mindanao  in  the  Philip- 
pines, but  otherwise  not  recorded  from  outside  the  limits  of 
the  Archipelago. 

Tetrastigma  trifoliolatum  Merr. 

Tetrastigma  trifoliolatum  Merr.,  Enum.  Born.  PL  (1921)  367;  Enum. 
Philip.  FL  PL  3   (1923)  5. 

No.  158 8,  in  open  places.  Leyte  and  Samar  in  the  Philip- 
pines, and  in  British  North  Borneo. 

Tetrastigma  sp. 

No.  1603,  rather  scanty  fruiting  material,  a  form  with  dis- 
tinctly large  fruits,  and  3-  or  5-foliolate  leaves;  flowering  ma- 
terial desirable. 

Genus  AMPELOCISSUS  Planchon 
Ampelocissus  sp. 

No.  1501,  in  forests.  A  species  in  general  aspect  resembling 
Ampelocissus  arachnoidea  Planch,  and  A.  martini  Planch.,  but 
nearly  glabrous.  The  specimen  has  immature  fruits ;  additional 
material  is  essential  to  its  proper  identification. 
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Genus  CISSXJS  Linnaeus 
Cissus  nodosa  Blume. 

Cissus  nodosa  Blume;  Merr.,  Enum.  Born.  PI.   (1921)   367. 

No.  H21,  near  the  seashore.     Borneo  and  Java. 

Genus  COLUMELLA  Loureiro 
Columella  pterita  Merr. 

Columella  pterita  Merr.  in  Philip.  Journ.  Sci.  11    (1916)    Bot.  134; 
Enum.  Philip.  Fl.  PI.  3    (1923)   9. 

No.  1632,  near  the  seashore.  Previously  recorded  from  Pa- 
nay  and  from  the  Sulu  Archipelago  in  the  Philippines. 

Genus  LEEA  Linnseus 

Leea  aculeata  Blume. 

Leea  aculeata  Blume;  Merr.,  Enum.  Born.  PI.    (1921)    368;   Enum. 
Philip.  Fl.  PI.  3   (1923)   10. 

No.  1617,  in  forests.  Java  and  Borneo  to  the  Philippines 
and  the  Moluccas. 

Leea  indica  (Burm.  f.)  Merr. 

Leea  indica   (Burm.  f.)  Merr.,  Enum.  Born.  PL   (1921)   362;  Enum. 
Philip.  Fl.  PI.  3    (1923)    11. 

No.  1778,  from  Balambangan  Island,  near  swamps.  Widely 
distributed  in  the  Indo-Malaysian  region,  more  commonly  known 
as  Leea  sambucina  Willd. 

Leea  negrosensis  Elm. 

Leea  negrosensis  Elm.,  Leafl.  Philip.  Bot.  2  (1908)  494;  Merr.,  Enum. 
Philip.  Fl.  PL  3   (1923)   13. 

No.  1510,  in  open  places.  Widely  distributed  in  the  Phil- 
ippines, extending  from  northern  Luzon  to  Mindanao,  but  hith- 
erto not  known  from  outside  the  Archipelago. 

ELAEOCARPACE.gE 

Genus  ELAEO  CARPUS  Linnseus 

Elaeocarpus  cumingii  Turcz. 

Elaeocarpus  cumingii  Turcz.;  Merr.,  Enum.  Philip.  FL  PL  3   (1923) 
15. 

No.  1380,  in  primary  forests.  The  specimen  is  in  fruit  and 
appears  safely  to  be  the  same  as  the  Palawan  Elaeocarpus  versi- 
color Elm.,  which  I  have  reduced  to  E.  cumingii  Turcz.  Through- 
out the  Philippines. 
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Elaeocarpus  sp. 

No.  1739 y  from  Balambangan  Island,  in  forests.  A  species 
somewhat  resembling  the  Philippine  Elaeocarpus  elmeri  Aug. 
DC,  but  safely  not  referable  to  it.  There  are  only  very  young 
buds  available. 

GONYSTYLACE^ 
Genus  GONYSTYLTJS  Teysmann  and  Binnendyck 
Gonystylus  sp. 

No.  168i,  in  forests.  Possibly  representing  Gonystylus  ban- 
canus  (Miq.)  Gilg,  which  occurs  in  Sumatra,  Bangka,  Java, 
and  the  Philippines.     A  fruiting  specimen. 

TILIACE^ 
Genus  GREWIA  Linnaeus 
Grewia  acuminata  Juss. 

Grewia  acuminata  Juss.;  Mere.,  Enum.  Born.  PI.  (1921)  373;  Enum. 
Philip.  Fl.  PI.  3    (1923)   24. 

No.  1635,  near  the  seashore.  Malay  Peninsula  to  the  Phil- 
ippines and  the  Moluccas. 

Grewia  stylocarpa  Warb.  var.  longipetiolata  Merr. 

Grewia    stylocarpa   Warb.    var.    longipetiolata    Merr.,    Enum.    Born. 
PL    (1921)   373. 

No.  1515,  in  forests.  The  species  common  throughout  the 
Philippines,  the  variety  in  British  North  Borneo.  Closely 
allied  to  Grewia  antidesmae folia  King  of  the  Malay  Peninsula. 

Genus  COLUMBIA  Persoon 

Columbia  bomeensis  Merr. 

Columbia  bomeensis  Merr.,  Enum.  Born.  PI.   (1921)  373. 

No.  1619,  in  forests.     British  North  Borneo. 
MALVACE^ 

Genus  SIDA  Linnaeus 
Sida  retusa  Linn. 

Sida  retusa  Linn.;  Merr.,  Enum.  Philip.  Fl.  PI.  3    (1923)   35. 

No.  1526,  in  open  places;  not  recorded  from  Borneo  proper 
but  certainly  occurring  there.     India  to  Malaysia. 
Sida  rhombifolia  Linn. 

Sida  rhombifolia  Linn.;  Merr.,  Enum.  Born.  PL   (1921)   374;  Enum. 
Philip.  PI.  PL  3    (1923)    35. 

No.  1520,  in  open  places.    A  pantropic  weed. 
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Genus  TJRENA  Dillenius 
Urena  lobata  Linn. 

Urena    lobata    Linn.;    Merr.,    Enum.    Born.    PL    (1921)    374;    Enum. 
Philip.  Fl.  PL  3   (1923)   36.     • 

No.  1350,  in  open  places.     Pantropic. 

Genus  HIBISCUS  Linnseus 

Hibiscus  tiliaceus  Linn. 

Hibiscus  tiliaceus  Linn.;  Merr.,  Enum.  Born.  PL   (1921)  375;  Enum. 
Philip.  Fl.  PL  3  (1923)  39. 

Nos.  1567,  1760,  along  the  seashore.  A  pantropic  strand 
plant. 

Genus  THESPESIA  Solander 
Thespesia  populnea  (Linn.)   Soland. 

Thespesia  populnea  (Linn.)   Soland.;  Merr.,  Enum.  Born.  PL   (1921) 
375;  Enum.  Philip.  Fl.  PL  3   (1923)  42. 

No,  1627,  along  the  seashore.     A  pantropic  strand  plant. 
BOMBACACE^ 
Genus  DURIO  Adanson 
Durio  acuminatissimus  sp.  nov. 

Arbor  circiter  6  m  alta,  ramulis  teretibus,  circiter  3  mm  dia- 
metro,  dense  adpresse  lepidotis;  foliis  membranaceis,  oblongis, 
14  ad  22  cm  longis,  5  ad  7  cm  latis,  basi  rotundatis  ad  latissime 
acutis,  apice  abrupte  subcaudato-acuminatis,  acuminis  tenuibus, 
acutis  vel  subobtusis,  1  ad  2  cm  longis,  in  siccitate  supra  pallide 
olivaceis,  nitidis,  glabris,  subtus  densissime  adpresse  argenteo- 
lepidotis;  nervis  primariis  utrinque  circiter  15,  tenuibus,  dis- 
tinctis,  subpatulis,  arcuato-anastomosantibus ;  petiolo  1.5  ad  2 
cm  longo,  dense  lepidoto;  floribus  ignotis;  fructibus  ellipsoideis 
ad  subovoideis,  utrinque  rotundatis,  circiter  16  cm  longis  et  11 
cm  diametro,  5-locularis,  i  ad  |  dehiscens,  valvis  duris,  intus 
glabris,  extus  dense  muricatis,  spinis  numerosis  rigidis,  6  ad  16 
mm  longis,  basi  circiter  5  mm  crassis,  dense  lepidotis,  rectis  vel 
leviter  curvatis,  obscurissime  angulatis ;  seminibus  ignotis. 

Banguey  Island,  1570  P.  Castro  and  F.  Melegrito,  July  30, 
1923,  in  open  places  at  low  altitudes. 

A  species  well  characterized  by  its  slenderly  and  abruptly 
subcaudate-acuminate,  membranaceous  leaves,  its  ellipsoid  to 
subovoid  fruits  which  are  rounded  at  both  ends,  and  by  its 
relatively  slender,  very  numerous  spines,  each  valve  bearing  be- 
tween 200  and  300  straight  or  somewhat  curved,  rigid  spines 
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which  attain  a  maximum  length  of  16  mm  and  are  about  5  mm 
in  diameter  at  the  base.  The  species  is  apparently  most  closely- 
allied  to  Durio  carinatus  Mast. 

STERCULIACE^ 

Genus  KLEINHOFIA  Linnaeus 

Kleinhoiia  hospita  Linn. 

Kleinhofia  hospita  Linn.;  Merr.,  Enum.  Born.  PI.   (1921)  379;  Enum. 
Philip.  Fl.  PL  3   (1923)  52. 

No,  1622,  in  open  places.  India  to  tropical  Africa  and  Ma- 
laysia. 

Genus  STERCULIA  Linnaeus 

Sterculia  pearsonii  sp.  nov. 

Arbor  circiter  5  m  alta,  ramulis  circiter  8  mm  diametro, 
dense  ferrugineo-  vel  castaneo-pubescentibus,  stipulis  numerosis, 
persistentibus,  lanceolatis,  in  siccitate  brunneis,  extus  leviter 
pubescentibus,  4  ad  5  cm  longis,  circiter  8  mm  latis,  acuminatis ; 
foliis  oblanceolatis,  chartaceis,  40  ad  55  cm  longis,  11  ad  12 
cm  latis,  in  siccitate  pallide  viridibus,  supra  costa  dense  ferru- 
gineo-pubescens  excepta  glabris,  subtus  ad  costa  nervisque  le- 
viter stellato-tomentosis,  apice  subcaudato-acuminatis,  deorsum 
longe  angustatis,  basi  1.5  cm  latis,  abrupte  subcordato-rotun- 
datis;  nervis  later alibus  utrinque  circiter  16,  curvato-arcuatis, 
perspicuis;  petiolo  crasso,  dense  castaneo-pubescenti,  circiter  1 
cm  longo;  paniculis  terminalibus,  multifloris,  circiter  15  cm 
longis,  dense  castaneo-pubescentibus,  ramis  primariis  circiter 
5  cm  longis;  floribus  1.2  ad  1.5  cm  longis,  extus  dense  castaneo- 
pubescentibus,  tubo  circiter  8  mm  longo,  lobis  5,  arcuato-cohae- 
rentihus,  intus  pallide  villosis,  oblongo-lanceolatis,  circiter  3  mm 
latis;  ovario  ellipsoideo,  dense  pubescenti,  stylis  villosis,  3  mm 
longis,  lobis  5,  glabris  vel  subglabris,  valde  recurvatis,  stylo 
aequantibus ;  antheris  10,  sessilibus,  1.2  mm  longis. 

Banguey  Island,  1669  P.  Castro  and  F.  Melegrito,  August, 
1923,  in  forests  at  low  altitudes ;  flowers  yellow. 

A  species  in  general  appearance  rather  closely  approximating 
the  Philippine  Sterculia  jagori  Warb.,  but  with  entirely  different 
flowers,  the  calyx  lobes  being  oblong-lanceolate,  as  long  as  the 
tube,  arcuate  and  cohering  by  their  tips.  It  differs  from  Ster- 
culia trichopetiolata  Merr.  by  similar  characters,  as  well  as  by 
its  indumentum.     It  is  manifestly  remote  from  Sterculia  stipu- 
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lata  Korth.,  having  much  larger,  very  differently  shaped  leaves. 
The  species  is  dedicated  to  Ex-Governor  A.  C.  Pearson,  C.  M.  G., 
of  British  North  Borneo. 

Sterculia  castroi  sp.  nov. 

Arbor  circiter  13  m  alta,  inflorescentiis  plus  minusve  stellato- 
pubescentibus  exceptis  glabra,  ramis  teretibus,  pallidis,  ultimis 
4  ad  5  mm  diametro;  foliis  chartaceis,  oblongo-ovatis  ad  ellip- 
ticis,  integris,  in  siccitate  pallide  olivaceis  vel  brunneo-olivaceis, 
utrinque  nitidis,  glaberrimis,  14  ad  22  cm  longis,  6  ad  11  cm 
latis,  basi  rotundatis  subtrinerviis,  apice  latissime  et  breviter 
obtuse  acuminatis  vel  subobtusis,  nervis  primariis  utrinque 
circiter  10,  perspicuis,  distantibus,  patule-curvatis,  anastomosan- 
tibus;  petiolo  5  ad  8  cm  longo;  inflorescentiis  paniculatis, 
axillaribus,  usque  ad  15  cm  longis,  leviter  stellato-tomentosis, 
indumento  ferrugineo,  ramis  primariis  paucis,  patulis,  ad  5  cm 
longis;  floribus  tenuiter  (ad  5  mm)  pedicellatis,  circiter  7.5  mm 
longis,  extus  leviter  stellato-pubescentibus,  pallide  flavidis,  tubo 
cupulato,  circiter  4  mm  longo,  lobis  5,  suberectis,  haud  cohae- 
rentibus,  oblongo-lanceolatis,  subacuminatis,  tubo  aequantibus; 
ovario  depresso-globoso,  dense  pallide  pubescenti,  circiter  2  mm 
diametro,  stylis  villosis,  crassis,  vix  1  mm  longis,  lobis  4  vel 
5,  patulis,  glabris,  obovatis,  vix  1  mm  longis. 

Banguey  Island,  l^SS  P.  Castro  and  F.  Melegrito,  August, 
1923,  near  the  seashore. 

A  species  well  characterized  by  being  entirely  glabrous  except 
for  the  sparse,  rather  scattered,  stellate,  pale  ferruginous  in- 
dumentum on  the  inflorescences  as  well  as  by  its  long-petioled 
leaves. 

Genus  HERITIERA  Dryander 
Heritiera  littoralis  Dryand. 

Heritiera   littoralis   Dryand.;    Merr.,   Enum.    Born.    PL    (1921)    381; 
Enum.  Philip.  Fl.  PI.  3    (1923)    58. 

No.  1368,  within  the  influence  of  salt  water.  Along  the  sea- 
shore, tropical  Africa  and  Asia,  through  Malaysia  to  western 
Polynesia. 

DILLENIACE^ 

Genus  TETRACERA  Linnaeus 

Tetracera  scandens  (Linn.)  Merr. 

Tetracera   scandens    (Linn.)    Merr.,    Enum.    Born.    PI.    (1921)    382; 
Enum.  Philip.   Fl.   PI.   3    (1923)    59. 
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No.  1507,  in  open  places.  India  to  southern  China  and 
Malaysia. 

Genus  WORMIA  Rottboell 

Wormia  subsessilis  Miq. 

Wormia  subsessilis  MiQ.,  Fl.  Ind.  Bat.  Suppl.  (1860)  619;  Ann.  Mus. 
Bot.  Lugd.-Bat.  4  (1868-1869)  77;  Ridl.,  Fl.  Mai.  Penin.  1  (1922) 
7,  fig,  2. 

No,  1502,  near  the  seashore.  Malay  Peninsula,  Bangka,  and 
Borneo. 

This  is  the  species  recorded  by  me  from  Borneo  as  Dillenia 
suffruticosa  (Griff.)  Martelli,^  but  Ridley  considers  that  Wormia 
suffruticosa  Griff.  (Dillenia  suffruticosa  Martelli)  is  specifically 
distinct  from  Wormia  subsessilis  Miq.  Wormia  burbidgei  Hook, 
f .  is  manifestly  the  same  as  W.  'subsessilis  Miq.  The  species  has 
not  been  found  in  the  Philippines. 

Wormia  sp. 

No.  1719,  in  forests  at  low  altitudes.  The  material  is  insuf- 
ficient. It  possibly  is  referable  to  Wormia  oblonga  Wall.,  a 
species  of  the  Malay  Peninsula  and  Sumatra. 

Genus  SAURAUIA  Willdenow 

Sauraiiia  melegritoi  sp.  nov. 

Frutex  circiter  3  m  altus,  glaber;  ramis  teretibus,  circiter  5 
mm  diametro,  castaneis,  parcissime  adpresse  squamulosis, 
squamulis  sublanceolatis,  pallidis,  1  ad  2  mm  longis;  foliis  sub- 
membranaceis  ad  chartaceis,  oblongo-obovatis  ad  obovatis,  20  ad 
30  cm  longis,  9  ad  14  cm  latis,  supra  glaberrimis,  olivaceis  ad  atro- 
olivaceis,  subtus  pallidis,  glabris  vel  costa  nervisque  squamulis 
paucis  adpressis  instructis,  margine  distanter  serratis,  apice 
abrupte  acute-acuminatis,  acuminis  subrostratis,  circiter  1  cm 
longis,  basi  acutis  vel  cuneatis,  nervis  primariis  utrinque  cir- 
citer 12  perspicuis,  curvato-adscendentibus,  arcuato-anastomo- 
santibus;  petiolo  3.5  ad  6  cm  longo,  glabro  vel  parcissime  ad- 
presse squamuloso;  floribus  axillaribus,  fasciculatis,  pedicellis 
leviter  squamulosis,  usque  ad  1  cm  longis,  sepalis  suborbicula- 
ribus,  rotundatis,  glabris  vel  margine  leviter  ciliatis,  5  ad  6  mm 
diametro;  petalis  quam  sepalis  pauUo  longioribus;  staminibus 
20,  filamentis  glabris,  3  mm  longis,  antheris  oblongis,  curvatis, 
2  mm  longis;  ovario  plus  minusve  villoso,  globoso;  stylis  3, 
liberis,  4  mm  longis. 

'Enum.  Born.  PI.   (1921)   384. 
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Banguey  Island,  1401  P.  Castro  and  F,  Melegrito,  June 
8,  1923,  in  primary  forests  at  low  altitudes.  The  same  species 
is  also  represented  by  No.  1770  D,  D.  Wood,  coll,  J.  Agama  from 
an  old  clearing,  Balambangan  Island. 

A  species  belonging  in  the  group  with  Saurauia  tristyla  DC, 
but  with  much  larger,  differently  shaped  leaves,  the  ovaries 
pubescent,  not  glabrous.  It  differs  from  Saurauia  amplifolia 
Merr.  in  its  shorter,  differently  shaped,  fewer-nerved  leaves  as 
well  as  in  its  axillary,  few-flowered  fascicles. 

OCHNACE^ 

Genus  EUTHEMIS  Jack 

Euthemis  leucocarpa  Jack. 

Euthemis  leucocarpa  Jack;   Merr.,  Enum.  Born.  PI.    (1921)    388. 

No.  177 ly  from  Balambangan  Island,  in  forests.  Malay  Pen- 
insula, Lingga,  Bangka,  and  Borneo;  no  representative  of  the 
genus  is  known  from  the  Philippines. 

GUTTIFER^ 
Genus  CRATOXYLON  Blume 

Cratoxylon    cochinchinense   (Lour.)    Blume. 

Cratoxylon  cochinchinense   (Lour.)   Blume;  Merr.,  Enum.  Philip.  Fl. 

PI.  3   (1923)   77. 
Cratoxylon  formosum   (Jack)    Dyer;  Merr.,  Enum.  Born.  PI.    (1921) 
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No.  1668,  in  forests  at  low  altitudes.  Indo-China  and  the 
Malay  Peninsula  to  Java,  the  Moluccas,  and  the  Philippines. 

Cratoxylon  ligustrinum  (Spach)   Blume. 

Cratoxylon  ligustrinum    (Spach)    Blume;    Merr.,   Enum.   Philip.    Fl. 

PL  3    (1923)    77. 
Cratoxylon  polyanthum  Korth.;  Merr.,  Enum.  Born.  PI.   (1921)   395. 

No.  1352,  in  open  forests.  Burma  to  southeastern  China, 
the  Malay  Peninsula,  Sumatra,  Borneo,  and  Palawan  and  the 
Calamian  group  in  the  Philippines,  but  not  in  the  Philippine 
Archipelago  proper. 

In  the  case  of  both  species  enumerated  here  what  is  apparently 
the  oldest  valid  name  for  each  is  adopted. 

Genus  CALOPHYLLUM  Linnseus 

Calophyllum  inophyllum  Linn. 

Calophyllum  inophyllum  Linn.;  Merr.,  Enum.  Born.  PI.   (1921)   393; 
Enum.   Philip.   Fl.   PI.   3    (1923)    79. 
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No.  16 U,  along  the  seashore.  A  characteristic  tropical  strand 
tree  extending  from  East  Africa  to  eastern  Polynesia. 

Genus  OCHROCARPUS  Thouars 

Ochrocarpus  ovalifolius  T.  Anders. 

Ochrocarpus   ovalifolius   T.   Anders,    ex   Hemsl.   in    Bot.    Challenger 

Exped.    (1885)    122,   234;   KOORD.   &  Val.,   Bijdr.  Boomsoort.   Java 

9   (1903)   391. 
Calysaccion  ovalifolium  Choisy,  Guttif.  Ind.    (1850)    46. 

No.  H52,  along  the  seashore.  Java,  Timor,  New  Guinea, 
Key  Islands,  Borneo  fide  Koorders  and  Valeton  1.  c,  Admiralty 
Islands,  and  Fiji.  Not  known  from  the  Philippines  unless 
Ochrocarpus  ramiflorus  Merr.  proves  to  be  the  same;  the  latter 
is  apparently  nearer  0.  siamensis  T.  Anders.  Presumably  0. 
horstii  Teysm.  &  Binn.,  from  Borneo,  belongs  here,  but  I  have 
been  unable  to  locate  any  description  of  it. 

Genus  GARCINIA  Linnseus 

Garcinia  benthami  Pierre. 

Garcinia    benthami    Pierre;    Mere.,    Enum.    Born.    PI.     (1921)    395; 
Enum.  Philip.  Fl.  PL  3   (1923)  83. 

No,  14^95,  along  the  seashore.  Indo-China,  British  North 
Borneo,  Balabac,  and  Palawan.  The  specimen  cited  above  is  in 
fruit,  so  that  the  identification  is  not  entirely  certain. 

Garcinia  sp. 

No.  1720,  in  open  places.  A  very  fragmentary  specimen 
with  immature  fruits. 

DIPTEROCARPACE^ 

Genus  DIPTEROCARPUS  Gaertner  f. 

Dipterocarpus  caudifems  sp.  nov.  §  Sphaerales. 

Arbor  circiter  18  m  alta,  subglabra,  ramulis  tenuibus,  tere- 
tibus,  circiter  2  mm  diametro,  gemmis  linearis,  2  cm  longis, 
1.5  ad  2  mm  diametro,  densissime  adpresse  f ulvo-hirsutis ;  f oliis 
oblongis  ad  late  oblongo-oblanceolatis,  circiter  14  cm  longis,  7 
ad  9  cm  latis,  chartaceis,  margine  in  i  superiore  parte  leviter 
undulatis,  apice  abrupte  longissime  tenuiter  caudato-acuminatis, 
acuminis  3.5  a^d  4.5  cm  longis,  basi  leviter  angustatis,  obtusis, 
supra  in  siccitate  olivaceis,  subnitidis,  glabris,  subtus  paullo 
pallidioribus,  ad  costa  nervisque  leviter  adpresse  hirsutis ;  nervis 
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primariis  utrinque  circiter  18,  perspicuis;  petiolo  1.5  cm  longo, 
glabro  vel  parce  stellato-tomentoso ;  floribus  ignotis;  fructibus 
ovoideis  ad  subglobosis,  2.5  ad  3  cm  diametro,  3  cm  longis, 
laevis,  brunneis,  glabris,  alis  majoribus  13  ad  20  cm  longis, 
2.5  ad  3  cm  latis,  anguste  oblongis  ad  oblanceolatis,  crasse  co- 
riaceis,  nitidis,  apice  rotundatis,  distincte  3-nervis,  reticulars, 
alis  minoribus  brevissimus,  vix  4  mm  longis. 

Banguey  Island,  1709  P.  Castro  and  F.  Melegrito,  in  primary 
forests  at  low  altitudes. 

A  very  strongly  characterized  species,  readily  recognizable 
by  its  abruptly  long  and  very  slenderly  caudate-acuminate 
leaves,  in  this  character  resembling  the  Philippine  Dipterocarpus 
caudatus  Foxw. ;  it  is  not  closely  allied  to  Foxworthy's  species, 
differing  markedly  in  vegetative  and  fruit  characters. 

Dipterocarpus  woodii  sp.  nov.  §  Sphaerales. 

Arbor  circiter  15  m  alta,  gemmis  (stipulis)  dense  fulvo-hir- 
sutis  vel  ciliatis  exceptis  glabra  vel  subglabra,  ramulis  glab- 
errimis,  castaneis,  teretibus  vel  subcompressis,  cicatricibus 
perspicuis  instructis;  foliis  coriaceis,  oblongis,  14  ad  25  cm 
longis,  6  ad  10  cm  latis,  utrinque  glabris,  vel  junioribus  subtus 
ad  costa  nervisque  plus  minusve  longe  adpresse  hirsutis  vel 
ciliatis,  margine  leviter  undulatis,  basi  rotundatis,  apice  bre- 
viter  abrupteque  acuminatis;  nervis  primariis  utrinque  23  ad 
30,  rectis,  parallelis,  valde  perspicuis,  inter  nervis  primariis 
obscure  subplicatis,  in  siccitate  olivaceo-brunneis,  nitidis,  subtus 
pallidioribus ;  petiolo  glabro,  circiter  5  cm  longo;  stipulis 
densissime  longe  fulvo-hirsutis  vel  ciliatis,  usque  ad  11  cm  longis, 
deciduis;  infructescentiis  axillaribus,  glabris,  vix  ramosis,  usque 
ad  14  cm  longis,  internodiis  1.5  ad  2.5  cm  longis,  perspicue 
"zig-zag;''  fructibus  junioribus  (calycis  tubo)  glabris,  2.5  cm 
longis,  1.5  cm  diametro,  cupulatis  vel  ovoideis,  basi  acutis  vel 
rotundatis,  cylindraceis,  laevis,  alis  majoribus  glabris,  anguste 
oblongis,  circiter  11  cm  longis,  usque  ad  2  cm  latis  (immaturis) , 
apice  rotundatis,  basi  leviter  angustatis,  3-nervis,  leviter  reti- 
culatis,  coriaceis,  alis  minoribus  late  ovatis  ad  reniformibus, 
rotundatis,  vix  4  mm  longis,  nucis  junioribus  apice  densissime 
fulvo-hirsutis. 

Banguey  Island,  HOi  P.  Castro  and  F.  Melegrito,  June  8, 
1923,  in  primary  forests. 

A  species  belonging  in  the  general  group  with  Dipterocarpus 
retustts  Blume,  but  not  closely  allied  to  that  species.     Among 
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the  described  forms  possibly  most  closely  allied  to  the  Philippine 
Dipterocarpus  lasiopodus  Perk.,  although  radically  different 
from  the  latter. 

VIOLACE^ 

Genus  RINOEEA  Aublet 

Rinorea  glandulosa  (Elm.)  Merr. 

Rinorea  glandulosa    (Elm.)    Merr.  in  Philip.  Journ.   Sci.   12    (1917) 
Bot.  286;  Enum.  Philip.  Fl.  PI.  3   (1923)  104. 

No.  1613,  in  forests  at  low  altitudes.  Luzon,  Mindoro,  Pa- 
lawan, Sibuyan,  and  Panay  in  the  Philippines,  but  hitherto  not 
known  from  outside  the  Archipelago. 

Rinorea  hirtella  (Ridl.)  comb.  nov. 

Alsodeia  hirtella  RiDL.  in  Kew  BuU.   (1914)    377;  Fl.  Mai.  Penin.  1 
(1922)    128. 

Penang  and  Borneo. 

Rinorea  castilloi  Merr. 

Rinorea  castilloi  Merr.  in  Philip.  Journ.  Sci.  21    (1922)  530. 

No.  1535,  July  28,  1923,  in  forests  at  low  altitudes.  British 
North  Borneo,  Tawitawi,  and  Jolo. 

The  specimen  is  in  fruit,  and  as  far  as  the  material  is  directly 
comparable  it  agrees  intimately  with  the  type  of  Rinorea  castilloi 
Merr.,  which  was  from  British  North  Borneo.  Three  collec- 
tions, all  in  fruit,  have  recently  been  received  from  the  Sulu 
Archipelago,  representing  the  same  species.  A  specimen  of  the 
collection  cited  above  was  sent  to  Kew  for  comparison  and  Mr. 
Ridley  reported  it  as  ''Alsodeia,  very  near  A.  hirtella  Ridl.,  but 
with  glabrous  leaves,  otherwise  identical.''  This  probably  indi- 
cates the  true  alliance  of  Rinorea  castilloi  Merr. 

FLACOURTIACE^ 

Genus  PANGIUM  Reinwardt 

Pangium  edule  Reinw. 

Pangium  edule  Reinw.;  Merr.,  Enum.  Born.  PI.   (1921)   411;  Enum. 
Philip.  Fl.  PL  3    (1923)   108. 

No.  1120,  along  Pankulan  River.  Widely  distributed  in  the 
Malay  Peninsula  and  Archipelago. 

Genus  RYPAROSA  Blume 

Ryparosa  oligophlebia  Merr. 

Ryparoaa  oligophlebia  Merr.,  Enum.  Born.  PI.  (1921)  411. 
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No.  lS7Jf,  in  forests.     Borneo. 

Ryparosa  borneensis  Van  Slooten,  Bijdr.  Kenn.  Combr.  Flac. 
Nederl.-Ind.  (1919)  88,  is  a  synonym,  R.  oligophlebia  Merr. 
having  been  published  one  year  earlier. 

Genus  HOMAHUM  Jacquin 

Homalium  foetidum  (Wall.)  Benth. 

Homalium  foetidum    (Wall.)    Benth.  in  Joum.   Linn.   Soc.   Bot.   4 

(1860)  37. 
Blackwellia  foetida  Wall.,   Cat.  No.  4899;   A.  DC.  in  Delessert  Ic. 

Select.  Plant.  3   (1837)   32,  t  53. 

Nos.  IHO,  1525,  in  forests.  Both  specimens  agree  closely 
with  the  descriptions  and  with  Delessert's  plate.  Celebes,  Ce- 
ram,  Amboina,  Halmahera,  and  New  Guinea;  not  known  from 
Borneo  proper  or  from  the  Philippines. 

Genus  FLACOURTIA  L'Heritier 

Flacourtia  mkam  ZoU.  &  Mor. 

Flacourtia  rukam  ZoU.  &  Mor.;  Merr.,  Ennm.  Bom.  PI.  (1921)  412; 
Enum.  Philip.  FI.  PI.  3   (1923)  113. 

No.  H06,  in  primary  forests.  Malay  Peninsula  to  Hainan, 
through  Malaysia  to  New  Guinea. 

Genus  CASEARIA  Jacquin 

Casearia  polyantha  Merr. 

Casearia  polyantha  Merr.,  Enum.  Philip.  Fl.  PI.  3    (1923)   116. 

Nos.  1S7S,  15 9S,  in  forests.  Throughout  the  Philippines,  but 
other  than  this  collection  not  known  from  outside  the  Philippine 
group. 

Genus  TARAKTOGENOS  Hasskarl 

Taraktogenos  anomala  sp.  nov. 

Arbor  circiter  10  m  alta,  ramulis  leviter  ferrugineo-pubes- 
centibus,  ramis  glabris;  foliis  chartaceis  vel  subcoriaceis,  oblon- 
gis,  in  siccitate  pallidis,  15  ad  22  cm  longis,  6  ad  9  cm  latis, 
integris,  apice  abrupte  tenuiter  subcaudato-acuminatis,  basi 
subacutis  ad  subrotundatis,  leviter  inaequilateralibus,  supra 
glabris,  subtus  ad  costa  nervisque  leviter  pubescentibus ;  nervis 
lateralibus  utrinque  6  vel  7,  subtus  valde  perspicuis,  adscen- 
dentibus,  petiolo  2  ad  3  cm  longo;  inflorescentiis  $  axillaribus, 
solitariis,  thyrsoideo-racemosis,  1  ad  4  cm  longis,  leviter  pubes- 
centibus; floribus  albidis,  circiter  2  cm  diametro,  pedicellis  cir- 
citer basin  articulatis,  glabris  vel  leviter  pubescentibus,  usque 
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ad  3  cm  longis;  sepalis  7,  chartaceis  ad  coriaceis,  glabris  vel 
subglabris,  liberis,  imbricatis,  late  ovatis,  10  ad  12  mm  longis, 
rotundatis,  exterioribus  concavis ;  petalis  7,  ellipticis  ad  oblongo- 
ellipticis  vel  obovatis,  10  ad  12  mm  longis,  rotundatis,  extus 
densissime  ferrugineo-villosis,  intus  glabris  vel  subglabris,  intus 
ad  basin  squama  crassa  densissime  hirsuta  oblonga  ad  obovata 
rotundata  vel  truncata  4  ad  5  mm  longa  instructa;  staminibus 
circiter  35,  filamentis  deorsum  incrassatis,  6  ad  7  mm  longis, 
ciliato-hirsutis ;  antheris  3  mm  longis. 

Banguey  Island,  14^00  P.  Castro  and  F.  Melegrito,  August 
6,  1923,  in  primary  forests  at  low  altitudes. 

This  species  is  anomalous  in  Taraktogenos  in  having  iso- 
merous  sepals  and  petals,  but  it  has  been  placed  here,  rather 
than  in  Hydnocarptis,  on  account  of  its  numerous  stamens.  It 
apparently  is  allied  to  Taraktogenos  polypetala  Van  Slooten,^ 
from  which,  however,  it  differs  in  numerous  characters,  such 
as  its  longer,  only  slightly  pubescent  petioles ;  glabrous,  not  ruf  o- 
sericeous  sepals;  more  numerous  stamens;  and  isomerous  (7) 
sepals  and  petals. 

The  following  Sumatran  species,  in  a  closely  allied  genus,  is 
here  described : 

Genus  HYDNOCARPUS  Gaertner 
Hydnocarpus  yatesii  sp.  no  v. 

Arbor  circiter  8  m  alta,  partibus  junioribus  inflorescentiisque 
exceptis  glabra,  ramis  teretibus,  glabris,  ramulis  tenuibus,  1  ad 
1.5  mm  diametro,  teretibus,  in  siccitate  pallidis;  foliis  oblongis, 
chartaceis,  nitidis,  in  siccitate  pallidis,  12  ad  16  cm  longis,  5  ad 
7  cm  latis,  integerrimis,  basi  inaequilateralibus,  acutis,  apice 
tenuiter  abrupteque  acuminatis,  supra  glaberrimis,  subtus  ad 
costa  nervisque  parce  pubescentibus  glabrescentibus ;  nervis  pri- 
mariis  utrinque  6  ad  8,  curvato-adscendentibus,  perspicuis; 
petiolo  8  ad  10  mm  longo,  pubescente;  inflorescentiis  $  axilla- 
ribus,  solitariis,  pedunculo  circiter  5  mm  longo,  ramis  4  ad  6, 
umbellato-radiatim  dispositis,  rigidis,  patulis  vel  curvatis,  pubes- 
centibus, cum  bracteolis  2  mm  diametro,  circiter  5  mm  longis; 
floribus  s  deciduis,  pedicellis  prope  basi  articulatis,  biseriatim 
dispositis,  ramis  subtus  bracteolis  late  ovatis  leviter  pubescen- 
tibus obtusis  dense  imbricatis  1  mm  longis  biseriatim  dispositis 
instructis ;  pedicellis  circiter  3  mm  longis ;  sepalis  5,  extus  pubes- 
centibus, concavis,  orbiculari-ovatis,  1.5  ad  2  mm  diametro: 
petalis  5,  suborbicularis,  concavis,  pubescentibus,  rotundatis,  2 

*Bijdr.  Kenn.  Combr.  Flac.  Nederl.-Ind.    (1919)    74. 
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mm  diametro,  squamis  late  obovatis,  dense  pubescentibus,  1  mm 
longis;  antheris  vix  0.6  mm  longis,  circiter  1  mm  latis,  fila- 
mentis  brevibus;  fructibus  subcylindraceis,  circiter  11  cm  longis 
et  5  cm  diametro,  apice  obtusis  et  obscure  5-angulatis,  glabris, 
in  siccitate  pallidis,  pericarpio  circiter  5  mm  crasso;  seminibus 
circiter  18,  irregularis,  2  ad  2.5  cm  longis. 

Sumatra,  east  coast,  Asahan,  Goerach  Batoe,  H,  S.  Yates 
1210,  November  16,  1924,  in  forests,  altitude  about  30  meters. 

A  species  strongly  characterized  by  its  large,  subcylindric, 
many-seeded  fruits  which  are  about  11  cm  long  and  5  mm  in 
diameter,  as  well  as  by  its  peculiar  staminate  inflorescences  and 
small  anthers.  The  short  axillary  peduncles*  bear  at  their  apices 
from  4  to  6  short,  radiately  disposed  branches,  the  staminate 
flowers  being  densely  arranged  in  two  parallel  rows  along  the 
upper  side  of  each  branch  but,  the  pedicels  being  jointed  near 
their  bases,  the  flowers  fall  after  anthesis,  leaving  the  conspicuous 
persistent  basal  parts  of  the  pedicels ;  on  the  lower  side  of  each 
branch  are  two  rows  of  persistent,  small,  densely  imbricate 
bracteoles,  giving  these  short  usually  curved  branches  a  dis- 
tinctly pectinate  appearance.  While  each  branch  bears  many 
flowers,  only  a  few  buds  or  flowers  are  present  at  any  one  time, 
as  they  fall  immediately  after  anthesis,  developing  serially  from 
the  base  as  the  branch  increases  in  length,  the  actual  buds  and 
flowers  being  found  only  near  the  tips  of  the  branches. 

From  its  vegetative  characters  and  the  shape  and  size  of  its 
fruits  it  would  seem  that  its  alliance  is  with  Hydnocarpus  cu- 
curbitina  King  of  the  Malay  Peninsula,  but  King  definitely  de- 
scribed this  as  having  but  one  or  two  seeds  in  each  fruit. 

BEGONIACE^ 

Genus  BEGONIA  Linnseus 

Begonia  bomeensis  A.DC. 

Begonia  bomeensis  A.  DC;  Merr.,  Enum.  Born.  PI.  (1921)  414. 

No,  1362,  in  primary  forests.  A  species  known  only  from 
Borneo. 

Begonia  subnummularifolia  sp.  nov.  §  Diploclinium, 

Herba  subglabra,  caule  repente,  tenue,  circiter  1.5  mm  dia- 
metro, partibus  junioribus  parce  longe  ciliato,  internodiis  1  ad 
4  cm  longis;  stipulis  6  ad  10  mm  longis,  lanceolatis  ad  ovato- 
lanceolatis,  longissime  penicellato-acuminatis ;  f oliis  membra- 
naceis,  orbicularis  vel  suborbicularis,  integris,  apice  aequaliter 
rotundatis,  basi  aequilateralibus,  leviter  cordatis,  radiatim  7- 
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nerviis,  2.5  ad  5  cm  diametro,  margine  breviter  ciliatis,  utrinque 
glabris  vel  ad  nervis  leviter  f errugineo-ciliatis ;  petiolo  2.5  ad  5 
cm  longo ;  inflorescentiis  pedunculatis,  f oliis  subaequantibus, 
paucifloris,  bracteis  ovatis  ad  elliptico-ovatis,  3  ad  3.5  mm  longis ; 
fioribus  $  albidis,  circiter  1.5  cm  diametro,  sepalis  glabris,  ellip- 
ticis,  7  ad  8  mm  longis,  rotundatis;  petalis  sepalis  subaequan- 
tibus, angustioribus,  oblongo-obovatis ;  staminibus  circiter  40, 
filamentis  0.5  ad  1  mm  longis,  antheris  obovoideis  quam  filamentis 
paullo  brevioribus ;  capsulis  aequaliter  3-alatis,  6  mm  longis,  cum 
alis  9  ad  11  mm  latis,  glabris,  in  ambitu  subrhomboideis,  alis 
rotundatis. 

Banguey  Island,  15^5  P.  Castro  and  F.  Melegrito,  September, 
1923,  on  forested  slopes,  altitude  about  150  meters. 

A  species  well  characterized  by  its  slender,  prostrate,  nearly- 
glabrous,  elongated  stems  and  especially  by  its  equilateral,  entire, 
rounded,  small,  cordate,  orbicular  or  suborbicular  leaves.  It 
manifestly  belongs  in  the  same  general  group  as  the  Philippine 
Begonia  nigritarum  Steud.,  although  differing  totally  from  that 
species  in  its  vegetative  characters. 

THYMELAEACE^ 
Genus  PHALEEIA  Jack 

Phaleria  perrottetiana  (Decne.)   F.-Vill. 

Phaleria    perrottetiana    (Decne.)    F.-Vill.,    Novis.    App.    Fl.    Filip. 
(1880)    183;  Merr.,  Enum.  Philip.  Fl.  PI.  3    (1923)    131. 

No.  1382,  in  primary  forests.  Throughout  the  Philippines, 
although  not  otherwise  known  from  outside  the  group.  No  rep- 
resentative of  the  genus  is  definitely  recorded  from  Borneo 
proper. 

LYTHRACE^ 

Genus  PEMPHIS  Forster 

Pemphis  acidula  Forst. 

Pemphis  acidula  Forst.;  Mere.,  Enum.  Born.  PL   (1921)  418;  Enum. 
Philip.  Fl.  PI.  3   (1923)   136. 

No,  IJ^SGy  along  the  seashore.  A  characteristic  strand  plant 
of  the  Old  World  Tropics,  extending  from  East  Africa  to  east- 
ern Polynesia. 

Genus  LAGERSTROEMIA  Linnaeus 

Lagerstroemia  speciosa  (Linn.)   Pers. 

Lagerstroemia  speciosa  (Linn.)  Pers.;  Merr.,  Enum.  Bom.  PI.  (1921) 
417;  Enum.  Philip.  Fl.  PI.  3  (1923)  137. 
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Nos,  1105,  1712,  in  forests.  India  to  southern  China  through 
Malaysia  to  tropical  Australia. 

Genus  LAWSONIA  Linnseus 

lawsonia  inermis  Linn. 

Lawsonia  inermis  Linn.;  Merr.  Enum.  Born.  PI.   (1921)  418;  Enum. 
Philip.   Fl.   PI.   3    (1923)    138. 

No.  1616,  planted,  as  is  generally  the  case  in  Malaysia. 
Pantropic  in  cultivation,  native  of  eastern  Africa  or  south- 
western Asia. 

SONNERATIACE^ 

Genus  SONNERATIA  Linnseus  f . 

Sonneratia  caseolaris  (Linn.)  Engl. 

Sonneratia  caseolaris   (Linn.)    Engl.;  Merr.,  Enum.  Bom.  PI.    (1921) 
418;  Enum.  Philip.  Fl.  PI.  3  (1923)  139. 

No.  1595,  in  mangrove  swamps.  A  characteristic  strand 
plant  of  the  Indo-Malaysian  region. 

LECYTHIDACE-^ 
Genus  BARRINGTONIA  Forster 

Barringtonia  asiatica  (Linn.)  Kurz. 

Barringtonia  asiatica  (Linn.)   Kurz;  Merr.,  Enum.  Bom.  PI.   (1921) 
418;  Enum.  Philip.  Fl.  PI.  3    (1923)   142. 

No.  1US7,  along  the  seashore.  A  characteristic  strand  plant 
of  the  Indo-Malaysian  and  Polynesian  regions,  more  generally 
known  as  Barringtonia  speciosa  Forst. 

Barringtonia  racemosa   (Linn.)   Blume. 

Barringtonia  racemosa  (Linn.)  Blume;  Merr.,  Enum.  Bom.  PI.  (1921) 
419;  Enum.  Philip.  Fl.  PL  3  (1923)  142. 

No.  14^9,  in  open  places.  Widely  distributed  in  the  Indo- 
Malaysian  and  Polynesian  regions. 

RHIZOPHORACE^ 

Genus  CERIOPS  Arnott 

Ceriops  tagal  (Perr.)  C.  B.  Rob. 

Ceriops  tagal    (Perr.)    C.  B.  Rob.;   Merr.,  Enum.  Born.  PI.    (1921) 
420;  Enum.  Philip.  Fl.  PI.  3    (1923)    144. 

Nos.  1568, 1670,  in  mangrove  swamps.  Widely  distributed  in 
the  Old  World  Tropics  along  tidal  streams  and  marshy  shores, 
more  generally  known  as  Ceriops  candolleana  Arn. 
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Genus  BRUGUIERA  Lamarck 

Bruguiera  parviflora  (Roxb.)  Wight  &  Arn. 

Bi-uguiera  parviflora  (Roxb.)  Wight  &  Arn.;  Merr.,  Enum.  Born.  PI. 
(1921)  421;  Enum.  Philip.  Fl.  PI.  3    (1923)   147. 

No.  1S70,  in  mangrove  swamps.  Widely  distributed  in  the 
Indo-Malaysian  region. 

Bruguiera  sexangula  (Lour.)  Poir. 

Bruguiera  sexangula   (Lour.)    Poir.;  Merr.,  Enum.  Born.  PL    (1921) 
422;  Enum.  Philip.  Fl.  PI.  3   (1923)  147. 

Nos.  liSl,  1779,  in  mangrove  swamps.  Widely  distributed 
in  the  Indo-Malaysian  region,  more  generally  known  as  Bru- 
guiera eriopetala  Wight  &  Arn. 

COMBRETACE^ 

Genus  TERMINALLY  Linnaeus 

Terminalia  catappa  Linn. 

Terminalia  catappa  Linn.;  Merr.,  Enum.  Born.  PI.  (1921)  423;  Enum. 
Philip.  Fl.  PI.  3   (1923)  160. 

No,  1642,  along  the  seashore.  Old  World  Tropics  generally, 
near  the  sea;  introduced  into  the  American  Tropics. 

Genus  LUMNITZERA  Willdenow 

Lumnitzera  littorea  (Jack)  Voigt. 

Lumnitzera  littorea    (Jack)    Voigt;    Merr.,  Enum.   Born.  PI.    (1921) 
423;   Enum.  Philip.  Fl.  PI.  3    (1923)    153. 

No,  lJf29,  in  mangrove  swamps.  India  to  tropical  Australia 
and  Polynesia  along  the  seashore. 

MYRTACE^ 

Genus  RHODAMNIA  Jack 

Rhodaninia  cinerea  Jack. 

Rhodamnia  cinerea  Jack;  Merr.,  Enum.  Born.  PI.   (1921)    423. 

No.  1756,  from  Balambangan  Island,  in  sandy  soil.  Burma 
through  Malaysia  to  tropical  Australia.  No  representative  of 
the  genus  is  known  from  the  Philippines. 

Genus  DECASPERMUM  Forster 

Decaspermum  fruticosum  Forst. 

Decaspe^ynum  fruticosum  Forst.;  Merr.,  Enum.  Born.  PI.  (1921)  424; 
Enum.  Philip.  Fl.  PI.  3   (1923)   155. 
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Nos,  1109,  1328,  173i,  the  last  from  Balambangan  Island, 
on  forested  slopes.  India  through  Malaysia  to  tropical  Aus- 
tralia and  Polynesia,  this  particular  form  more  commonly  known 
as  Decaspermum  paniculatum  Kurz. 

Genus  EUGENIA  Micheli 

Eugenia  alcinae  Merr. 

Eugenia  alcinae  Merr.,  Enum.  Born.  PL   (1921)   425;  Enum.  Philip. 
Fl.  PL  3   (1923)  157. 

Nos.  H90,  1735,  on  slopes,  both  from  Balambangan  Island. 
Southern  Luzon,  Panay,  Culion,  Palawan,  and  British  North 
Borneo. 

Eugenia  halophila  Merr.? 

Eugenia  halophila  Merr.?,  Enum.  Philip.  FL  PL  3   (1923)   167. 

No,  li93,  along  the  seashore.  If  not  referable  to  the  Phil- 
ippine form,  then  closely  allied  to  it.  The  inflorescences  are 
terminal,  not  lateral. 

Eugenia  operculata  Roxb. 

Eugenia  operculata  Roxb.;  Merr.,  Enum.  Born.  PL  (1921)  431. 

No.  H90,  along  the  seashore.  The  specimen  is  in  fruit  and 
accordingly  the  correctness  of  the  identification  is  not  entirely 
certain.     India  to  southern  China  and  Java. 

Eugenia  mindorensis  C.  B.  Rob. 

Eugenia  mindorensis  C.  B.  RGB.  in  Philip.  Joum.  Sci.  4   (1909)   Bot. 
399;  Merr.,  Enum.  Philip.  Fl.  PL  3    (1923)   172. 

No.  1532,  from  Balambangan  Island,  on  slopes.  Luzon, 
Mindoro,  and  Palawan.  The  inflorescences  on  the  specimen  cited 
above  are  longer  than  in  the  Philippine  form. 

Eugenia  sp. 

No.  1336,  in  open  forests,  a  fruiting  specimen  matched  by  D. 
D.  Wood  1222  from  Weston,  British  North  Borneo.  Apparently 
allied  to  the  Palawan  Eugenia  incarnata  Elm. 

Genus  OSBORNIA  F.  Mueller 

Osbomia  octodonta  F.  Muell. 

Osbomia  octodonta  F.  Muell. ;  Merr.,  Enum.  Born.  PL    (1921)   435; 
Enum.  Philip.  Fl.  PL  3    (1923)    182. 

No.  16Jf3,  along  the  seashore.  A  monotypic  genus,  rather 
widely  distributed  in  the  Philippines  along  tidal  streams,  in 
British  North  Borneo,  Celebes,  and  in  northern  Australia. 
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Genus  TRISTANIA  R.  Brown 

Tristania  dementis  Merr. 

Tristania  dementis  Merr.,  Enum.  Bom.  PL   (1921)   435. 

No.  1737,  from  Balambangan  Island,  near  the  seashore.  An 
excellent  match  for  the  type,  which  was  from  Jessleton,  British 
North  Borneo. 

Genus  RHODOMYRTUS  Reichenbach 

Rhodomyrtus  tomentosa  (Ait.)  Hassk. 

Rhodomyrtns    tomentosa    (Ait.)    Hassk.;    Merr.,    Enum.    Bom.    PI. 
(1921)    425;  Enum.  Philip.  Fl.  PI.  3    (1923)    156. 

No.  17 il,  from  Balambangan  Island,  in  open  sandy  places. 
India  to  Japan  and  Malaysia. 

MELASTOMATACE^ 

Genus  MELASTOMA  Burman 

Melastoma  polyanthum  Blume. 

Melastoma  polyanthum  Blume;  Merr.,  Enum.  Born.  PI.   (1921)   437; 
Enum.  Philip.  Fl.  PI.  3  (1923)  188. 

No.  1701,  in  open  places.  India  to  southern  China  through 
Malaysia  to  tropical  Australia. 

Genus  OOHTHOCHARIS  Blume 

Ochthocharis  javanica  Blume. 

Ochthocharis  javanica  Blume;  Merr.,  Enum.  Bom.  PI.    (1921)   439; 
Enum.  Philip.  Fl.  PI.  3   (1923)  189. 

No.  1782,  from  Balambangan  Island,  in  swamps.  Burma  to 
Java,  Borneo,  and  Mindoro. 

Genus  POGONANTHERA  Blume 

Pogonanthera  reflexa  Blume. 

Pogonanthera  reflexa  Blume;   Merr.,  Enum.  Born.  PI.    (1921)    446; 
Enum.  Philip.  Fl.  PI.  3   (1923)  192. 

No.  1682,  epiphytic  in  forests.  Malay  Peninsula  to  Java,  the 
Philippines  and  the  Moluccas. 

Genus  MEMECYLON  Linnaeus 

Memecylon  paniculatum  Jack. 

Memecylon  paniculatum  Jack;  Merr.,  Enum.  Philip.  Fl.  PI.  3   (1923) 
216. 

No.  1728,  from  Balambangan  Island,  in  forests.  Sumatra 
and  Java  to  the  Philippines ;  not  recorded  from  Borneo  proper. 
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ONAGRACE^ 

Genus  JUSSIAEA  Linnaeus 

Jussiaea  erecta  Linn. 

Jussiaea  erecta  Linn.;  Mere.,   Enum.   Bom.   PI.    (1921)    455,   as  J. 
suffruticosa  Linn.;  Enum.  Philip.  Fl.  PI.  3   (1923)  219. 

No.  1698,  in  cultivated  land.     A  pantropic  weed. 

ARALIACE^ 

Genus  SCHEFFLERA  Forster 

Schefflera  insulaniin  (Seem.)  Harms. 

Schefflera  insularum   (Seem.)    Harms.;  Merr.,  Enum.  Philip.  Fl.  PI. 
3    (1923)   228. 

No.  1112,  in  forests.  Widely  distributed  in  the  Philippines, 
but  hitherto  not  known  from  outside  the  Archipelago. 

Schefflera  odorata  (Blanco)  Merr.  &  Rolfe. 

Schefflera  odorata    (Blanco)    Merr.   &  Rolfe  in   Philip.  Joum.   Sci. 
3   (1908)  Bot.  117;  Merr.,  Enum.  Philip.  Fl.  PI.  3   (1923)  230. 

No.  lhU7,  epiphytic  in  forests.  Throughout  the  Philippines 
at  low  altitudes,  but  hitherto  not  known  from  outside  the 
Archipelago. 

ERICACE^ 

Genus  VACCINIUM  Linnaeus 
Vaccinium  sp. 

No.  17 SI,  on  slopes  practically  at  sea  level.  The  specimen 
lacks  the  corollas;  it  is  entirely  different  from  any  of  the  Phil- 
ippine species.  Probably  belongs  in  the  group  with  Vaccinium 
hancanum  Miq. 

MYRSINACE^ 

Genus  AEGICERAS  Gaertner 

Aegiceras  comiculatum  (Linn.)   Blanco. 

Aegiceras    comiculatum    (Linn.)    Blanco;    Merr.,    Enum.    Bom.    PI. 
(1921)   469;  Enum.  Philip.  Fl.  PI.  3    (1923)    155. 

Nos.  1556, 1718,  in  mangrove  swamps  and  along  the  seashore. 
India  to  southern  China  through  Malaysia  to  tropical  Australia. 

Aegiceras  floridum  Roem.  &  Schultes. 

Aegiceras  floridum  Roem.  &  Schultes;  Merr.,  Enum.  Bom.  PI.  (1921) 
469;   Enum.  Philip.  Fl.  PI.  3    (1923)    256. 

No.  1661,  along  the  seashore.  Borneo  to  the  Philippines, 
Moluccas,  and  New  Guinea. 
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Genus  AKDISIA  Swartz 

Ardisia  colorata  Roxb. 

Ardisia  colorata  Roxb.;   Merr.,  Enum.   Bom.   PI.    (1921)    470. 
No,  177 Jf,  from  Balambangan  Island,  in  forests.     India  to  Java 
and  Borneo,  but  not  known  from  the  Philippines. 

Ardisia  serrata  (Cav.)  Pers. 

Ardisia  serrata   (Cav.)    Pers.;   Merr.,  Enum.  Born.  PI.    (1921)    473; 
Enum.  Philip.  Fl.  PI.  3   (1923)  263. 

No.  lJf52y  on  forested  slopes.  A  form  somewhat  approach- 
ing Ardma  2^2/^amidafe  (Cav.)  Pers.  (A,  perrottetiana  A,  DC.) . 
Throughout  the  Philippines  and  in  British  North  Borneo. 

Ardisia  squamulosa  Presl. 

Ai'disia  squamulosa  Presl;  Merr.,  Enum.  Philip.  Fl.  PI.  3  (1923)  263. 

No.  15 5 i,  in  open  places.  This  form  seems  to  be  clearly  the 
same  as  the  Philippine  Ardisia  boissieri  A.  DC,  which  I  have 
reduced  to  A.  squamulosa  Presl.  It  is  not  clearly  distinct  from 
Ardisia  humilis  Vahl,  as  interpreted  by  Mez.  Throughout  the 
Philippines,  and  probably  in  various  parts  of  Malaysia. 

Genus  DISCOCALYX  Mez 

Discocalyx  palawanensis  Elm. 

Discocalyx  palawanensis  Elm.  ex  Merr.,  Enum.  Philip.  PI.  3    (1923) 
269   (Discocalyx  merrillii  Elm.  non  Mez). 

Nos.  1125,  1130,  lJf07,  in  forests.  Mindoro,  Palawan,  and 
Bancalan  in  the  Philippines,  but  not  known  from  Borneo 
proper. 

Genus  EMBELIA  Burman  f . 

Embelia  philippinensis  A.  DC. 

Embelia  philippinensis  A.  DC;  Merr.,  Enum.  Philip.  Fl.  PL  3  (1923) 
272. 

No.  1113,  in  thickets  or  forests.  Throughout  the  Philippines, 
but  known  from  outside  the  Archipelago  only  by  this  collection. 

EBENACE^ 

Genus  MABA  Forster 

Maba  punctata  Hiern. 

Maba  punctata  Hiern;  Merr.,  Enum.  Born.  PI.  (1921)  483. 

Nos.  1842,  158Jf,  in  open  forests.  Widely  distributed  in  Bor- 
neo, but  not  known  elsewhere. 
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Genus  DIOSPYROS  Linnaeus 

Diospyros  fascicnliflora  Merr. 

Diospyros  fasciculifiora  Merr.  in  Philip.  Journ.   Sci.   9    (1914)    Bot. 
334;  Enum.  Philip.  Fl.  PI.  3    (1923)   292. 

Nos,  1379,  li60,  in  primary  forests.  Throughout  the  Phil- 
ippines, but  not  known  elsewhere. 

Diospyros  maritima  Blume. 

Diospyros  maritima  Blume;   Merr.,  Enum.  Philip.  Fl.  PL  3    (1923) 
292. 

No,  1560,  along  the  seashore.  Near  the  sea,  Java  to  the  Phil- 
ippines and  New  Guinea ;  not  recorded  from  Borneo  proper. 

Diospyros  spp. 

Nos.  Ii09,  1666,  1706,  representing  three  other  species  of 
this  genus,  all  from  forested  slopes.  The  material  is,  however, 
scarcely  sufficient  to  warrant  an  attempt  to  identify  them  fur- 
ther at  this  time. 

SYMPLOCACE^ 

Genus    SYMPLOCOS  Jacquin 

Symplocos  nigricans  Brand. 

Symplocos  nigiicans  Brand;  Merr.,  Enum.  Born.  PI.   (1921)  487. 

Nos.  1729,  1733,  both  from  Balambangan  Island,  in  forests. 
Previously  known  only  from  Borneo. 

LOGANIACE^ 
Genus  FAGRAEA  Thunberg 

Fagraea  spicata  Baker. 

Fagraea  spicata  Baker;  Merr.,  Enum.  Bom.  PL  (1921)  493. 

No.  1768,  in  forests.  Previously  known  only  from  British 
North  Borneo  proper. 

APOCYNACE^ 
Genus  ALLAMANDA  Linnaeus 

Allamanda  cathartica  Linn. 

Allamanda  cathartica  Linn.;   Merr.,   Enum.   Bom.   PI.    (1921)    496; 
Enum.  Philip.  Fl.  PI.  3    (1923)   320. 

No.  1521,  in  open  places.  Pantropic  in  cultivation,  a  native 
of  tropical  America. 
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Genus  ALSTONIA  R.  Brown 

Alstonia  macrophylla  Wall. 

Alstonia  macrophylla  Wall.;  Merr.,  Enum.  Bom.  PI.  (1921)  497; 
Enum.  Philip.  Fl.  PL  3   (1923)  322. 

No,  H92,  near  the  seashore.  Malay  Peninsula  to  the  Philip- 
pines and  New  Guinea. 

Genus  LOCHNERA  Reichenbach 

Lochnera  rosea  (Linn.)  Reichb. 

Lochnera  rosea  (Linn.)  Reichb.;  Mere.,  Enum.  Bom.  PL  (1921)  498; 
Enum.  Philip.  Fl.  PL  3   (1923)  323. 

Nos,  1391,  1589,  in  open  places.     Pantropic. 

Genus  KOPSIA  Blume 
Kopsia  flavida  Blume. 

Kopsia  flavida  Blume,  Rumphia  4  (1848)  28;  Koord.  &  Val.,  Bijdr. 
Boomsoort.  Java  1  (1894)  96;  Atlas  Baumart.  Java  4  (1916) 
/.  6SS, 

No.  1626,  along  the  seashore;  the  specimen  agrees  closely 
with  the  figure  cited  and  with  the  descriptions.  Previously 
known  only  from  Java  and  New  Guinea. 

Kopsia  parvifolia  sp.  nov. 

Frutex.vel  arbor  parva,  glabra;  ramis  tenuibus,  teretibus,  in 
siccitate  rubro-brunneis,  ramulis  compressis  vel  sulcatis,  1.5  mm 
diametro;  foliis  chartaceis  vel  submembranaceis,  oblongis,  in 
siccitate  pallidis,  nitidis,  utrinque  subaequaliter  angustatis,  basi 
acutis,  plerumque  leviter  inaequilateralibus,  apice  breviter  ob- 
tuseque  acuminatis,  7  ad  10  cm  longis,  3  ad  4.5  cm  latis,  gla- 
berrimis,  nervis  primariis  utrinque  circiter  20,  tenuibus ;  petiolo 
2  ad  3  mm  longo ;  inflorescentiis  terminalibus,  brevissimis,  haud 
1  cm  longis,  simplicibus  vel  furcatis,  ramis  bracteis  multis 
triangulari-ovatis  acutis  vel  acuminatis  carinatis  glabris  2  mm 
longis  instructis;  calycis  lobis  leviter  pubescentibus ;  late  ovatis 
ad  orbiculari-ovatis,  rotundatis,  2  ad  2.5  mm  longis,  extus  sub 
apice  glandulis  solitariis  instructis;  corollae  tubo  tenue,  apice 
leviter  inflato,  3  ad  3.3  cm  longo,  lobis  oblongis,  obtusis,  cir- 
citer 1.8  cm  longis;  fructibus  junior ibus  ovoideis,  rostratis, 
leviter  pubescentibus,  1.3  cm  longis. 

Banguey  Island,  i  ^5^  P.  Castro  and  F.  Melegrito,  on  forested 
slopes,  September,  1923,  flowers  white. 

A  species  characterized  by  its  small  leaves,  which  resemble 
those  of  some  species  of  Wikstroemia,  as  well  as  by  its  short, 
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mul|;ibracteate  inflorescences  and  obtuse  calyx  lobes.  It  is 
possibly  as  closely  allied  to  Kopsia  ridleyana  King  and  Gamble 
of  the  Malay  Peninsula  as  to  any  other  described  species. 

Genus  PARSONSIA  R.  Brown 

Parsonsia  cumingiana  A.  DC. 

Parsonsia  cumingiana  A.  DC;  Merr.,  Enum.  Bom.  PI.   (1921)    502; 
Enum.  Philip.  Fl.  PI.  3   (1923)  338. 

No,  14S0,  along  the  seashore.  Widely  distributed  in  the 
Philippines,  otherwise  known  only  from  British  North  Borneo 
and  Formosa. 

ASCLEPIADACE^ 

Genus  ASCLEPIAS  Linnseus 

Asclepias  curassavica  Linn. 

Asclepias   curassavica  Linn.;   Merr.,   Enum.   Bom.   PI.    (1921)    503; 
Enum.  Philip.  Fl.  PI.  3   (1923)  341, 

Nos.  1392 y  1558,  in  open  places.  A  pantropic  weed  of  Amer- 
ican origin. 

Genus  TYLOPHORA  R.  Brown 
Tylophora  tenuis  Blume. 

Tylophora  tenuis  Blume;  Merr.,  Enum.  Born.  PI.   (1921)   504. 

No.  1375,  in  forests.     India  to  Burma,  Borneo,  and  Java. 

Genus  DISCHIDIA  R.  Brown 

Dischidia  hirsuta  (Blume)  Decne. 

Dischidia  hirsuta   (Blume)   Decne.;   Merr.,  Enum.  Bom.  PL    (1921) 
505;  Enum.  Philip.  Fl.  PI.  3    (1923)   348. 

No.  lJf72,  creeping  over  rocks  along  the  seashore.  Burma, 
to  Java,  Borneo,  and  the  Philippines,  usually  near  the  sea. 

CONVOLVULACE^ 
Genus  ERYCIBE  Roxburgh 
Erycibe  rheedii  Blume. 

Erycibe  rheedii  Blume;  Merr.,  Enum.  Philip.  Fl.  PL  3  (1923)  358. 

No.  1608,  in  level  forests.  Sumatra,  Java,  and  the  Philip- 
pines. The  specimen  here  cit^d  is  with  fruits,  so  the  identifi- 
cation cannot  be  considered  as  certain. 

Genus  IPOMOEA  Linnseus 

Ipomoea  gracilis  R.  Br. 

Ipomoea  gracilis  R.  Br.;  Merr.,  Enum.  Bom.  PI.  (1921)  509;  Enum. 
Philip.  Fl.  PI.  3   (1923)   365. 
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No.  1^75,  along  the  seashore.  Widely  distributed  in  the  Old 
World  Tropics  near  the  sea. 

Ipomoea  digitata  Linn. 

Ipomoea  digitata  Linn.;  Merr.,  Enum.  Philip.  Fl.  PI.  3   (1923)   364; 
Enum.  Born.  PI.    (1921)   510,  as  /.  paniculata  R.  Br.,  a  synonym. 

No.  1631,  near  the  seashore.     All  tropical  countries. 

Genus  aUAMOCLIT  Moench 

ftuamoclit  pennata  (Desr.)  Bojer. 

Qtutrrwclit  pennata    (Desr.)    Bojer;    Merr.,   Enum.   Born.  PI.    (1921) 
510;  Enum.  Philip.  Fl.  PI.  3  (1923)  370. 

No.  lJf2Sy  in  cultivated  lands.  Pantropic;  of  American 
origin. 

BORAGINACE^ 

Genus  CORDIA  Linnaeus 
Cordia  dichotoma  Forst.  f . 

Cordia  dichotoma  Forst.  f.;  Merr.,  Enum.  Philip.  Fl.  PI.  3    (1923) 
373. 

No.  15 Wy  in  open  places.  India  to  southern  China,  through 
Malaysia  to  tropical  Australia  and  Polynesia;  more  commonly 
known  as  C.  myxa  (non  Linn.).  Not  recorded  from  Borneo 
proper. 

Cordia  subcordata  Lam. 

Cordia  subcordata  Lam.;  Merr.,  Enum.  Philip.  Fl.  PI.  3    (1923)   374. 

No.  1708,  along  the  seashore.  A  characteristic  strand  plant 
of  the  Old  World  Tropics.  No  representative  of  the  genus  has 
hitherto  been  recorded  from  Borneo. 

VERBENACE^ 
Genus  LANTANA  Linnaeus 
Lantana  camara  Linn. 

Lantana  camara  Linn.;  Merr.,  Enum.  Born.  PI.   (1921)   511;  Enum. 
Philip.  Fl.  PI.  3   (1923)   380. 

No.  ISJfU,  in  open  places.     Pantropic;  of  American  origin. 

Genus  CALLICARPA  Linnaeus 
Callicarpa  erioclona  Schauer. 

Callicarpa  erioclona  Schauer;  Merr.,  Enum.  Philip.  Fl.  PI.  3   (1923) 
384. 
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Nos.  1573, 17 Hy  in  open  forests.  Throughout  the  Philippines, 
extending  to  Borneo,  Celebes,  New  Guinea,  New  Britain,  and  New 
Ireland. 

Genus  PREMNA  Linnaeus 

Premna  obtusifolia  R.  Br. 

Premna  obtusifolia  R.  Br.,  Merr.,  Enum.  Philip.  Fl.  PI.  3  (1923)  392; 
Enum.  Born.  PI.  (1921)  513,  as  Premna  cyclophylla  Miq.,  a 
synonym. 

No.  16Jf8,  along  the  seashore.  Near  the  sea,  Philippines  and 
Malaysia  to  tropical  Australia. 

Genus  VITEX  Linnaeus 

Vitex  negundo  Linn. 

Vitex  negundo  Linn.;  Merr.,  Enum.  Bom.  PL  (1921)  514;  Enum. 
Philip.  Fl.  PI.  3   (1923)   394. 

No.  1636,  along  the  seashore,  representing  the  variety  bicolor 
(Willd.)  Lam.  Widely  distributed  in  the  Old  World  Tropics, 
extending  from  eastern  Africa  to  Polynesia. 

Vitex  quinata  (Lour.)  F.  N.  Will. 

Vitex  quinata  (Lour.)  F.  N.  Will.;  Merr.,  Enum.  Philip.  Fl.  PI.  3 
(1923)   396. 

No.  1592,  in  open  forests;  a  form  with  trifoliolate  leaves. 
India  to  Formosa  through  Malaysia  to  Celebes;  not  recorded 
from  Borneo  proper. 

Vitex  pubescens  Vahl. 

Vitex  pubescens  Vahl;  Merr.,  Enum.  Bom.  PI.  (1921)  514;  Enum. 
Philip.  Fl.  PL  3    (1923)   396. 

No.  1511,  in  open  forests.  India  to  Java,  Timor,  and  Celebes, 
extending  through  Palawan  into  Mindoro,  also  in  Guimaras  and 
in  the  Sulu  Archipelago  in  the  Philippines. 

Genus  GMEIINA  Linnseus 
Gmelina  elliptica  Sm. 

Gmelina  elliptica  Sm.;  Merr.,  Enum.  Born.  PL  (1921)  515,  as  G. 
villosa  Roxb.,  a  synonym;  Enum.  Philip.  Fl.  PL  3   (1923)   399. 

No.  133i,  in  open  forests.  Burma  through  Malaysia  to  the 
Moluccas  and  the  Palau  Islands. 
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Genus  AVICENNIA  Linnaeus 

Avicennia  marina  (Forsk.)  Vierh. 

Avicennia  marina  (Forsk.)  Vierh.;  Merr.,  Enum.  Born.  PI.  (1921) 
518,  as  A,  officinalis  (non  Linn.) ;  Enum.  Philip.  Fl.  PI.  3  (1923) 
407. 

Nos.  1579, 1703,  in  mangrove  swamps  and  along  the  seashore. 
India  to  Malaysia,  tropical  Australia,  and  Polynesia. 

LABIATE 
Genus  DYSOPHYLLA  Blume 

Dysophylla  auricularia  (Linn.)  Blume. 

Dysophylla  auricularia  (Linn.)  Blume;  Merr.,  Enum.  Bom.  PL 
(1921)   530;  Enum.  Philip.  Fl.  PI.  3   (1923)  415. 

No.  1630,  near  the  seashore.  India  to  southern  China  and  the 
Malay  Achipelago  generally. 

Genus  HYPTIS  Jacquin 
Hyptis  brevipes  Poir. 

Hyptis  brevipes  Poir.;  Merr.,  Enum.  Bom.  PI.  (1921)  520;  Enum. 
Philip.  Fl.  PI.  3   (1923)   416. 

No,  1372,  in  open  places.  A  pantropic  weed  of  American 
origin. 

Genus  OCIMXJM  Linnaeus 

Ocimum  basilicum  Linn. 

Ocimum  basilicum  Linn.;  Merr.,  Enum.  Bom.  PI.  (1921)  520;  Enum. 
Philip.   Fl.   PI.   3    (1923)    421. 

Nos.  1359,  1U32,  17 U2,  the  last  from  Balambangan  Island, 
in  open  places,  locally  known  as  kamangi.  Pantropic,  culti- 
vated and  spontaneous. 

Ocimum  sanctum  Linn. 

Ocimum  sanctum  Linn.;  Merr.,  Enum.  Bom.  PI.  (1921)  521;  Enum. 
Philip.  Fl.  PI.  3    (1923)   422. 

Nos.  Ii67,  1522,  in  open  places.  Range  of  the  preceding 
species. 

SOLANACE^ 

Genus  PHYSAIIS  Linnaeus 

Physalis  minima  Linn. 

Physalis  minima  Linn.;  Merr.,  Enum.  Bom.  PI.  (1921)  521;  Enum. 
Philip.  Fl.   PI.   3    (1923)    423. 

No.  1628,  near  the  seashore.     A  pantropic  weed. 
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Genus  CAPSICUM  Tournef ort 

Capsicum  annuum  Linn.,  var. 

Capsicum  annuum  Linn.,  var.;  Merr.  Enum.  Philip.  Fl.  PL  3   (1923) 
423. 

Nos.  13 a,  15Jf2,  in  open  places,  one  form  with  narrow  elon- 
gated fruits  about  4  cm  long,  the  other  with  globose  or  ovoid 
fruits  about  1  cm  long.     Pantropic,  usually  in  cultivation. 

Genus  SOLANUM  Tournefort 

Solanuin  cyanocarphium  Blume. 

Solanum  cyanocarphium  Blume,  Bijdr.   (1825)  700. 

Solanum  sarmentosum   Nees  in   Trans.   Linn.    Soc.    17    (1837)    58; 

RiDL.,  Fl.  Mai.  Penin.  2    (1923)   469. 
Solanum  sparsiflorum  Elm.,  Leafl.  Philip.  Bot.  5  (1913)  1838;  Merr., 

Enum.  Philip.  Fl.  PI.  3   (1923)  428. 

No,  150i,  in  open  places  near  the  sea.  Malay  Peninsula  to 
Java,  Palawan,  Bohol,  and  Mindanao. 

Solanuin  torvum  Sw. 

Solanum  torvum  Sw.;  Merr.,  Enum.  Born.  PI.    (1921)    522;   Enum. 
Philip.  Fl.  PL  3   (1923)   428. 

No,  1$60,  in  open  places.     Pantropic. 

Solanum  verbascifolium  Linn. 

Solanum  verbascifolium  Linn.;  Merr.,  Enum.  Bom.  PI.   (1921)   522; 
Enum.  Philip.  Fl.  PI.  3  (1923)  429. 

No.  15iS,  in  open  places.     Pantropic. 

Genus  NIOOTIANA  Linnaeus 

Nicotiana  tabacum  Linn. 

Nicotiana  tabacum  Linn.;  Merr.,  Enum.  Born.  PL  (1921)  522;  Enum. 
Philip.   Fl.   PI.   3    (1923)    430. 

No,  lJf79,  planted.  All  warm  countries  in  cultivation.  To- 
bacco. 

SCROPHULARIACE^ 

Genus  SCOPAEIA  Linnaeus 

Scoparia  dulcis  Linn. 

Scoparia  dulcis  Linn.;  Merr.,  Enum.  Born.  PL   (1921)   525;  Enum. 
Philip.  Fl.  PL  3    (1923)    441. 

No,  1551,  in  open  places.  A  pantropic  weed  of  American 
origin. 

214420 S 
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Genus  UNDERNIA  Allioni 

Idndernia  Crustacea  (Linn.)   F.  Muell. 

Lindemia    Crustacea    (Linn.)    F.    Muell. ;    Merr.,    Enum.    Bom.    PI. 
(1921)   524;  Enum.  Philip.  Fl.  PL  3   (1923)   437. 

No.  1358 y  in  open  places.  Widely  distributed  in  the  Old 
World  Tropics,  introduced  in  tropical  America ;  more  commonly 
known  as  Vandellia  Crustacea  Benth. 

Genus  CTTRANGA  Jussieu 

Curanga  fel-terrae  (Lour.)  Merr. 

Curanga  fel-terrae    (Lour.)    Merr.,    Enum.    Bom.    PI.    (1921)    524; 
Enum.  Philip.  Fl.  PI.  3   (1923)  439. 

No.  1527,  in  forests.  India  to  Indo-China  through  Malaysia 
to  the  Moluccas ;  more  generally  known  as  Curanga  amara  Juss. 

BIGNONIACE^ 

Genus  DOUCHANDEONE  Fenzl 

Dolichandrone  spathacea  (Linn,  f.)  K.  Schum. 

Dolichandrone  spathacea  (Linn,  f.)   K.  Schum.;  Merr.,  Enum.  Bom. 
PI.  (1921)   525;  Enum.  Philip.  Fl.  PI.  3   (1923)   444. 

No.  1S69,  along  tidal  streams.  India  through  Malaysia  to 
New  Guinea. 

PEDALIACE^ 

Genus  SESAMTTM  Linnaeus 

Sesamnm  indicum  Linn. 

Sesamum  indicum  Linn.;  Merr.,  Enum.  Bom.  PI.  (1921)  526;  Entun. 
Philip.  Fl.  PI.  3    (1923)   448. 

No.  1^2,  in  open  places.  Throughout  the  Old  World  Trop- 
ics, frequently  cultivated.     Sesame. 

ACANTHACE^ 

Genus  THUNBERGIA  Linnseus 

Thunbergia  fragrans  Roxb. 

Thunhergia  fragrans  Roxb.;    Merr.,   Enum.   Bom.   PI.    (1921)    538; 
Enum.  Philip.  Fl.  PI.  3  (1923)  468. 

No.  1113,  in  thickets.  India  through  Malaysia  to  tropical 
Australia. 

Genus  HEMIGRAPHIS  Nees 

Hemigraphis  cumingiana  (Nees)  F.-Vill. 

Hemigraphis  cumingiana   (Nees)    F.-Vill.;  Merr.,  Enum.  Philip.  FL 
PI.  3   (1923)   471. 
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No,  1338,  in  open  forests.  Luzon,  Panay,  Celebes.  The 
specimen  here  referred  to  the  Philippine  species  closely  resem- 
bles some  forms  of  Hemigraphis  alternata  T.  Anders.,  of  the 
Malay  Peninsula,  Sumatra,  Java,  and  Borneo. 

Genus  ACANTHUS  Tournef ort 

Acanthus  ebracteatus  Vahl. 

Acanthus   ehracteatus   Vahl;   Merr.,   Enum.   Bom.   PL    (1921)    540; 
Enum.  Philip.   Fl.  PL   3    (1923)    479. 

A^o.  136Jf,  along  tidal  streams.  Andaman  Islands  to  Indo- 
China,  through  Malaysia  to  new  Guinea  and  the  Palau  Islands. 

Genus  JTJSTICIA  Linnaeus 

Justicia  gendarussa  Burm.  f. 

Justicia  gendarussa  Burm.  f. ;  Merr.,  Enum.  Born.  PL    (1921)    543; 
Enum.  Philip.  FL  PL  3   (1923)  489. 

Nos,  1674',  1526,  in  open  forests  along  streams.  Widely  dis- 
tributed in  the  Indo-Malaysian  region. 

Genus  PSEUDERANTHEMUM  Radlkofer 
Pseuderanthemum  sp. 

No,  1611  y  in  open  places.  The  specimen  is  without  flowers 
and  matches  material  recently  collected  in  the  Sulu  Archipelago. 
Apparently  an  undescribed  form. 

RUBIACE^ 

Genus  HEDYOTIS  Linnseus 

Hedyotis  radicans  (DC.)  Miq. 

Hedyotis  radicans  (DC.)  Miq.;  Merr.,  Enum.  Philip.  Fl.  PL  3  (1923) 
499. 

No,  1677,  in  open  places.  Widely  distributed  in  the  Philip- 
pines, but  not  reported  elsewhere. 

Genus  TTNCARIA  Schreber 

Uncaria  ferrea    (Blume)    DC. 

Uncarm  ferrea   (Blume)   DC;  Merr.,  Enum.  Born.  PL    (1921)   552. 
No.  1532,  in  forests.     Burma  to  Sumatra,  Java,  and  Borneo. 

Genus-  NEONATJCLEA  Merrill 

Neonauclea  formicaria  (Elm.)  Merr. 

Neonauclea  formicaria  (Elm.)  Merr.,  Enum.  Philip.  PL  PL  3  (1923) 
512. 
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No.  lAlly  in  forests.  Widely  distributed  in  the  Philippines; 
closely  allied  to  N,  reticulata  Merr.,  and  apparently  also  to  N. 
gigantea  Merr.     Also  in  British  North  Borneo. 

Genus  MYRMECONAUCLEA  Merrill 

Myrmeconauclea  strigosa  (Korth.)   Merr. 

Myrmeconauclea  strigosa    (Korth.)    Merr.,   Enum.  Born.   PL    (1921) 
554;  Enum.  Philip.  Fl.  PI.  3  (1923)  517. 

No,  1716,  along  streams  in  forests.  Palawan  and  Busuanga 
in  the  Philippines,  and  in  Borneo,  a  monotypic  genus. 

Genus  MUSSAENDA  Linnaeus 

Mussaenda  acuminata  Blume. 

Mussaenda  acuminata  Blume;   Merr.,   Enum.   Born.   PI.    (1921)    555. 

No.  1651,  an  erect  shrub  in  forests.     Java  and  Borneo. 

The  identification  of  this  specimen  with  Blume's  species  is 
not  certainly  correct  as  the  plant  is  with  fruits.  It  conforms 
closely  with  Miquel's  amphfied  description  of  Blume's  species, 
which  perhaps  has  been  confused  with  Mussaenda  glabra  Vahl 
and  M,  frondosa  Linn.  I  doubt  if  typical  Mussaenda  frondosa 
Linn,  occurs  in  the  Malay  Archipelago.  The  Malaysian  rep- 
resentatives of  this  genus  are  very  badly  in  need  of  critical 
revision. 

Mussaenda  villosa  Wall. 

Mussaenda  villosa  Wall.;  Ridley,  Fl.  Mai.  Penin.  2    (1923)    60. 

Nos.  llli,  1512,  1755,  the  last  from  Balambangan  Island, 
an  erect  shrub  in  forests.  Siam  to  the  Malay  Peninsula, 
Sumatra,  and  Borneo. 

Mussaenda  sp. 

No.  H02,  a  woody  vine  in  primary  forests;  a  fruiting  spec- 
imen, calyx  lobes  deciduous. 

Genus  TARENNA  Gaertner 

Tarenna  cumingiana  (Vid.)  Elm. 

Tarenna  cumingiana  (Vid.)   Elm.,  Leafl.  Philip.  Bot.  5   (1913)   1898; 
Merr.,  Enum.  Philip.  Fl.  PI.  3   (1923)  525. 

Nos.  1107,  1601,  in  level  forests.  Luzon  to  Mindoro  and 
Mindanao  in  the  Philippines,  and  in  British  North  Borneo. 
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Genus  RANDIA  Houstoun 

Randia  patula  Miq. 

Randia  patula  Miq.;   Merr.,  Enum.  Born.  PL    (1921)    563. 

No.  1763,  from  Balambangan  Island,  in  forests.  Borneo  and 
Java. 

Randia  racemosa  (Cav.)  F.-Vill. 

Randia  racemosa    (Cav.)    F.-Vill.;    Merr.,   Enum.   Bom.   PI.    (1921) 
563;  Enum.,  Philip.  Fl.  PI.  3   (1923)   528. 

No,  US 8,  in  forests  near  the  seashore.  Malay  Peninsula  and 
Archipelago  to  the  Riu  Kiu  Islands,  tropical  Australia,  and  the 
Marianne  Islands. 

Genus  GARDENIA  Ellis 

Gardenia  merrillii  Elm. 

Gardenia  merrillii  Elm.;  Merr.,  Enum.  Born.  PI.  (1921)  564;  Enum. 
Philip.  Fl.  PL  3    (1923)   530. 

No.  1781,  from  Balambangan  Island,  in  forests.  Luzon  to 
Palawan  and  British  North  Borneo,  and  apparently  also  in 
Celebes. 

Genus  PETTJNGA  de  Candolle 

Petimga  racemosa  (Roxb.)  K.  Schum. 

Petunga   racemosa    (Roxb.)    K.    Schum.;    Merr.,    Enum.    Bom.    PI. 
(1921)   565;  Enum.  Philip.  Fl.  PI.  3   (1923)  533. 

Nos.  1115,  1H5,  in  forests.  Malay  Peninsula  to  Sumatra, 
Java,  Borneo,  and  Balabac  and  Palawan  in  the  Philippines. 

Genus  SCYPHIPHORA  Gaertner  f . 

Scyphiphora  hydrophyllacea  Gaertn.  f . 

Scyphiphora    hydrophyllacea    Gaertn.    f.;    Merr.,    Enum.    Born.    PI. 
(1921)   566;  Enum.  Philip.  Fl.  PL  3    (1923)   533. 

No.  1680,  in  mangrove  swamps.  Within  the  influence  of 
salt  or  brackish  water,  India  through  Malaysia  to  New  Caledonia. 

Genus  PLECTRONIA  Linnaeus 

Plectronia  conferta  (Korth.)  Merr. 

Plectronia  conferta  (Korth.)   Merr.,  Enum.  Born.  PI.   (1921)   567. 
No.  1728,  from  Balambangan  Island,  on  slopes.     Malay  Pe- 
ninsula, Penang,  Bangka,  and  Borneo. 


422  The  Philippine  Journal  of  Science  1926 

Genus  GUETTARDA  Linnseus 

Guettarda  speciosa  Linn. 

Guettarda  speciosa  Linn.;  Merr.,  Enum.  Born.  PL  (1921)  568;  Enum. 
Philip.  Fl.  PI.  3    (1923)    539. 

No.  I4I6,  along  the  seashore.     A  pantropic  strand  plant. 

Genus  TIMONIUS  de  GandoUe 

Timonius  flavescens  (Jack)  Baker. 

Timonius  flavescens    (Jack)    Baker;   Merr.,  Enum.  Bom.  PI.    (1921) 
568. 

Nos.  1766,  17 88,  in  forests.  Malay  Peninsula,  Sumatra,  and 
Borneo;  the  Mauritius  form  referred  here  is  probably  distinct. 

Genus  PAVETTA  Linnseus 

Pavetta  indica  Linn. 

Pavetta  indica  Linn.;   Merr.,  Enum.   Born.  PI.    (1921)    570;    Enum. 
Philip.  Fl.  PL   3    (1923)    544. 

No.  1600,  in  level  forests.  India  to  southern  China  through 
Malaysia  to  tropical  Australia. 

Genus  IXORA  Linnaeus 

Ixora  grandifoha  Zoll.  &  Mor. 

Ixora  grandifolia  Zoll.  &  Mor.;  Merr.,  Enum.  Born.  PL   (1921)   571. 

No,  1106,  in  forests.  Malay  Peninsula,  Sumatra,  Java,  and 
Borneo. 

Ixora  javanica  (Blume)   DC. 

Ixora  javanica    (Blume)    DC;  Merr.,  Enum.  Born.  PL    (1921)    572. 

No.  1598,  with  doubt.  The  specimen  is  in  fruit,  so  that  the 
accuracy  of  the  identification  is  doubtful.  Java,  Sumatra,  and 
Borneo. 

Ixora  palawanensis  Merr. 

Ixora  palawanensis  Merr.  in  Philip.  Journ.  Sci.  5    (1910)    Bot.  550. 

Nos.  13 W,  1717,  1773,  the  last  from  Balambangan  Island. 
In  open  forests.     Culion  and  Palawan  in  the  Philippine  group. 

Ixora  paludosa  (Blume)  Boerl. 

Ixora  paludosa  (Blume)   Boerl;  Merr.,  Enum.  Born.  PL   (1921)   572. 

No.  H35,  near  the  seashore.     Sumatra,  Java,  and  Borneo. 

Ixora  philippinensis  Merr. 

Ixora   philippinensis    Merr.,    Enum.    Born.    PL    (1921)    572;    Enum. 
Philip.  FL  PL  3    (1923)    550. 
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No.  1419,  near  the  seashore.  Throughout  the  Philippines,  also 
in  Celebes  and  in  British  North  Borneo. 

Ixora  tenelliflora  sp.  no  v. 

Frutex  circiter  2.5  m  altus,  inflorescentiis  tenuiter  longissime 
pedunculatis  ^minute  puberulis  exceptis  glaber;  ramulis  tenui- 
bus,  subteretibus,  circiter  1.5  mm  diametro;  foliis  membran- 
aceis,  in  siccitate  viridi-olivaceis,  subtus  pallidioribus,  subnitidis, 
oblongo-oblanceolatis  ad  anguste  oblongo-obovatis,  breviter  petio- 
latis,  15  ad  23  cm  longis,  6  ad  8.5  cm  latis,  apice  abrupte  et 
brevissime  triangulari-acuminatis,  deorsum  angustatis,  basi 
obtusis  ad  acutis;  nervis  lateralibus  utrinque  10  ad  13,  subtus 
perspicuis,  laxe  arcuato-anastomosantibus ;  stipulis  4  ad  5  mm 
longis,  abrupte  acuminatis;  petiolo  circiter  4  mm  longo;  inflo- 
rescentiis terminalibus  lateralibusque,  ut  videtur  pendulis,  long- 
issime tenuiterque  pedunculatis,  18  ad  24  cm  longis,  multifloris, 
pedunculo  12  ad  15  cm  longo,  puberulo,  bracteis  ovatis,  acutis 
vel  acuminatis,  circiter  3  mm  longis;  cymis  8  ad  10  cm  longis, 
ramis  paucis,  multifloris,  usque  ad  3  cm  longis ;  floribus  albidis, 
tenuiter  (2  ad  5  mm)  pedicellatis,  bracteolis  minutis,  calyce 
minute  puberulo,  1  ad  1.5  mm  longo,  brevissime  undulato- 
crenato  vel  undulato-dentato ;  coroUae  tubo  tenue,  vix  0.5  mm 
diametro,  circiter  3.5  cm  longo,  lobis  oblongis,  patulis  vel  re- 
flexis,  8  ad  10  mm  longis. 

Banguey  Island,  1384  P.  Castro  and  F.  Melegrito,  August 
1,  1923,  in  primary  forests  at  low  altitudes. 

A  species  strongly  characterized  by  its  membranaceous  leaves 
and  especially  by  its  long  and  slenderly  peduncled,  many-flowered 
inflorescences,  which  are  both  terminal  and  lateral  and  ap- 
parently pendulous,  as  well  as  by  its  long,  very  slender,  white 
flowers.  In  some  specimens  the  axillary  peduncles  spring  from 
the  old  wood  of  stems  or  branches  1  cm  in  diameter.  Its  alli- 
ance is  probably  with  Ixora  rivalis  Valeton. 

Ixora  sp. 

No.  1123,  a  fruiting  specimen,  probably  belonging  in  the  group 
with  the  Philippine  Ixora  bartlingii  Elm. 

Genus  PSYCHOTRIA  Linnaeus 
Psychotria  bangueyensis  sp.  nov. 

Frutex  erectus,  3  ad  6  m  altus,  plus  minusve  ferrugineo- 
pubescente,  ramis  glabris,  ramulis  1.5  ad  2  mm  diametro,  tere- 
tibus,  junioribus  perspicue  f errugineo-hirsutis ;  foliis  chartaceis, 
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oblongo-lanceolatis  ad  oblongo-oblanceolatis,  utrinque  angustatis, 
apice  acutis  vel  leviter  acuminatis,  basi  cuneatis,  9  ad  12  cm 
longis,  2.5  ad  4.5  cm  latis,  supra  glaberrimis  vel  junioribus  ad 
basin  leviter  ferrugineo-ciliatis,  in  siccitate  pallide  olivaceis  vel 
brunneis,  nitidis,  subtus  pallidioribus,  praesertim  ad  costa  ner- 
visque  plus  minusve  ferrugineo-villosis,  nervis  lateralibus 
utrinque  circiter  11,  subtus  perspicuis,  ad  margine  curvato- 
anastomosantibus,  reticulis  laxis,  obscuris;  petiolo  5  ad  10  mm 
longo,  f errugineo-pubescenti ;  stipulis  caducis ;  inflorescentiis 
terminalibus,  sessilibus,  ferrugineo-pubescentibus,  paucifloris, 
circiter  1.5  cm  longis;  floribus  5-meris,  sessilibus,  calyce  leviter 
pubescenti,  tubo  circiter  0.8  mm  longo,  brevissime  5-dentato, 
dentibus  triangulari-acutis,  quam  tubo  multo  brevioribus;  co- 
roUae  tubo  3  mm  longo,  extus  leviter  pubescenti,  lobis  oblongis, 
quam  tubo  pauUo  brevioribus;  infructescentiis  circiter  4  cm 
longis,  fructibus  obovoideis,  laevis,  glabris,  baud  sulcatis,  in 
siccitate  castaneis,  6  mm  longis,  pyrenis  plano-convexis,  baud 
sulcatis  vel  carinatis,  albumine  aequabile. 

Banguey  Island,  1678  P,  Castro  and  F.  Melegrito,  August, 
1923  (type)  ;  also  No.  1738  from  Balambangan  Island,  May, 
1923.     In  forests  at  low  altitudes. 

In  superficial  characters  resembling  Psychotria  rhinocerotis 
Blume,  but  not  closely  allied  to  that  species,  differing  among 
other  characters  in  its  very  much  smaller  leaves,  very  short 
calyx  segments,  and  noncostate  fruits  and  seeds. 

Psychotria  malayana  Jack. 

Psychotria  malayana  Jack;    Merr.,    Enum.    Bom.    PL    (1921)    574; 
Enum.  Philip.  Fl.  PI.  3    (1923)   558. 

No.  1746,  from  Balambangan  Island,  in  old  clearings.  Ma- 
lay Peninsula,  Sumatra,  Java,  Borneo,  and  parts  of  the 
Philippines. 

Psychotria  membranifolia  Bartl. 

Psychotria  membranifolia  Bartl.;  Merr.,  Enum.  Philip.  FL  PI.  3  (1923) 
559. 

Nos.  1U6,  1705,  in  forests.  Luzon  to  Mindanao  in  the  Phil- 
ippines, but  hitherto  not  recorded  from  outside  the  group.  No. 
1597  may  represent  an  allied  species. 

Psychotria  sarmentosa  Blume. 

Psychotria  sarmentosa  Blume;  Merr.,  Enum.  Bom.  PI.  (1921)  575. 

No.  lJf53,  on  slopes,  altitude  about  200  meters.  Sumatra, 
Java,  and  Borneo. 
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Genus  HYDNOPHYTUM  Jack 

Hydnophytum  formicarium  Jack. 

Hydnophytum  formicarium  Jack;  Merr.,  Enum.  Born.  PL  (1921)  579; 
Enum.  Philip.  Fl.  PI.  3   (1923)   568. 

No,  1^65,  epiphytic,  near  the  seashore.  Siam  and  Indo-China 
through  Malaysia  to  the  Philippines  and  Celebes. 

Genus  GAERTNERA  Lamarck 

Gaertnera  vaginans  (DC.)  Merr. 

Gaertnera  vaginans    (DC.)   Merr.,  Enum.  Born.  PI.    (1921)    580. 

No,  1765,  from  Balambangan  Island,  on  slopes.  Ceylon,  Malay 
Peninsula.  It  is  not  certain  that  the  Bomean  form  is  really  the 
same  as  Psychotria  vaginans  DC.  No  representative  of  the 
genus  has  been  found  in  the  Philippines. 

Genus  PAEDERIA  Linnaeus 

Paederia  verticillata  Blume. 

Paederia  verticillata  Blume;    Merr.,   Enum.   Bom.   PI.    (1921)    580; 
Enum.  Philip.  Fl.  PI.  3   (1923)  570. 

No,  1675,  in  forests.  Malay  Peninsula  to  Java  and  the  Phil- 
ippines. 

Genus  MORINDA  Linnaeus 

Morinda  citrifolia  Linn. 

Morinda  citrifolia  Linn.;  Merr.,  Enum.  Born.  PL  (1921)   581;  Enum. 
Philip.  FL  PL  3   (1923)   573. 

No,  158 J^,  along  the  seashore,  local  name  bangkuru,  India  to 
Polynesia. 

Morinda  pMlippinensis  Elm. 

Morinda  philippinensis  Elm.,  Leafl.  Philip.  Bot.  3  (1911)  1044;  Merr., 
Enum.  Philip.  FL  PL  3    (1923)   573. 

No,  1676,  in  open  places.  Sibuyan,  Mindoro,  and  Palawan  in 
the  Philippines.  The  globose  fruits  are  about  2  cm  in  diameter, 
considerably  smaller  than  those  of  the  Palawan  form,  the  fruits 
of  which  are  described  by  Mr.  Elmer  as  being  nearly  2  inches 
in  diameter. 

CUCURBITACE^ 
Genus  MELOTHRIA  Linnaeus 
Melothria  affinis  King. 

Melothria  affinis  King;  COGN.  in  Engl.  Pflanzenreich  69    (1916)    94. 

No.  1652,  in  cultivated  lands.  Malay  Peninsula  and  Dutch 
Borneo. 
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GOODENIACE^ 

Genus  SCAEVOLA  Linnaeus 

Scaevola  frutescens   (Mill.)  Krause. 

Scaevola  frutescens   (Mill.)   Krause;  Merr.,  Enum.  Born.  PL   (1921) 
586;  Enum.  Philip.  Fl.  PI.  3   (1923)  590. 

No.  1367,  along  the  seashore.  A  characteristic  strand  plant  of 
the  Old  World  Tropics. 

COMPOSITE 

Genus  VERNONIA  Schreber 

Vemonia  arborea  Ham. 

Vemonia  arborea  Ham.;  Merr.,  Enum.  Bom.  PL  (1921)  586;  Enum. 
Philip.  Fl.  PL  3   (1923)  592. 

Nos,  H87,  1508,  in  open  places.  This  is  Hamilton's  species, 
sensu  latiore,  and  is  widely  distributed  in  the  Indo-Malaysian 
region.  Ridley  ^  states  that  true  Vemonia  arborea  Ham.  is  an 
Indian  species,  and  he  adopts  the  name  Vemonia  javanica  DC. 
for  the  Malaysian  form. 

Vemonia  pyrrhopappa  Schulz-Bip. 

Vemonia  pyrrhopappa  Schulz-Bip.;   Merr.,  Enum.  Philip.  Fl.  PL  3 
(1923)  595. 

Nos,  1356,  15Jf5,  in  open  forests.  Central  and  southern  Phil- 
ippines and  the  Palawan  group.  The  specimens  represent  the 
Palawan  form  described  by  Mr.  Elmer  as  Vemonia  villarii;  a 
critical  revision  of  this  group  of  scandent  species  may  show  that 
the  latter,  which  I  have  reduced  to  V.  pyrrhopappa,  is  distinct. 

Genus  ADENOSTEMIM  Forster 

Adenostemma  lavenia  (Linn.)  0.  Kuntze. 

Adenostemma  lavenia    (Linn.)    0.   Kuntze;   Merr.,   Enum.   Bom.   PL 
(1921)  587;  Enum.  Philip.  FL  PL  3   (1923)  596. 

No.  1699,  in  cultivated  lands.     A  pantropic  weed. 
Genus  ERIGERON  Linnaeus 

Erigeron  sninatrensis  Retz. 

Erigeron  sumatrensis  Retz.;  Merr.,  Enum.  Bom.  PL   (1921)   587,  as 
E,  linifolius  Willd.;  Enum.  Philip.  Fl.  PL  3   (1923)  600. 

No.  152i,  in  open  places.     All  warm  countries. 

'FL   Mai.   Penin.    2    (1923)    187. 
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Genus  BLTTMEA  de  Candolle 

Blumea  balsamifera  (Linn.)  DC. 

Blumea  balsamifera    (Linn.)    DC;   Merr.,   Enum.   Bom.   PI.    (1921) 
587;  Enum.  Philip.  Fl.  PI.  3   (1923)  601. 

No,  1528,  in  open  places.  India  to  southern  China  through 
Malaysia  to  the  Moluccas. 

Genus  WEDELIA  Jacquin 

Wedelia  biflora  (Linn.)  DC. 

Wedelia  biflora    (Linn.)    DC;   Merr.,  Enum.   Born.  PL    (1921)    588; 
Enum.  Philip.  Fl.  PI.  3   (1923)  611. 

No,  1550,  along  the  seashore.  India  to  tropical  Australia  and 
Polynesia,  chiefly  near  the  sea. 

Genus  BIDENS  Tournefort 

Bidens  pilosa  Linn. 

Bidens   pilosa  Linn.;    Mere.,    Enum.   Bom.   PI.    (1921)    589;    Enum. 
Philip.  Fl.  PI.  3   (1923)  614. 

Nos.  1557,  1689,  in  open  places.     A    pantropic  weed. 
Genus  ARTEMISL/L  Linnaeus 

Artemisia  vulgaris  Linn. 

'^Artemisia  vulgaris  Linn.;  Merr.,  Enum.  Philip.  Fl.  Pf.  3   (1923)  616. 

Nos,  1354,  1683,  in  open  places.  All  warm  countries,  intro- 
duced here  as  it  is  in  other  parts  of  Malaysia.  Not  reported 
from  Borneo  proper,  but  certainly  occurring  there. 

Genus  EMILIA  Cassini 

Emilia  sonchifolia  (Linn.)  DC. 

Emilia  sonchifolia,  (Linn.)  DC;  Merr.  Enum.  Bom.  PI.  (1921)   590; 
Enum.  Philip.  Fl.  PI.  3   (1923)   620. 

No,  1653,  in  open  places.  A  pantropic  weed  of  Old  World 
origin. 
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Fig.  1.  Banguey  and   Balambangan   Islands. 
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BEITRAG  ZUR   KENNTNIS   DER   HOMOPTEREN-FAUNA 
DER  PHILIPPINEN 

Von  H.  Haupt 

Halle  a.  d.  S.,  Germany 

EINB  TAFEL 

Die  hier  beschriebenen  Homoptera  wurden  mir  von  der  Firma 
Dr.  V.  Staudinger  und  A.  Bang-Haas  in  Dresden-Blasewitz  zur 
Bestimmung  zugesandt.  Sie  entstammen  der  Ausbeute  die  Herr 
Bottcher,  den  Herr  Hauptmann  Moser  1913  nach  den  Philippinen 
gesandt  hatte,  im  Jahre  1919  zurtickbrachte.  Die  Huechys- 
Arten,  die  darunter  waren,  erscheinen  in  meiner  Bearbeitung 
dieser  Gattung.^  Die  schon  bekannten  Homoptera,  die  sich 
unter  der  Ausbeute  befanden,  habe  ich  mit  aufgezahlt,  auch  deren 
Fundorte  genannt,  um  spateren  tiergeographischen  Bearbeitung- 
en  der  ostasiatischen  Inselwelt  Grundlagen  zu  geben.  Die 
Derbidae  habe  ich  ausgelassen  und  behalte  mir  deren  Bearbeitung 
und  Aufzahlung  fiir  spater  vor. 

Die  Typen  befinden  sich  in  meiner  Sammlung. 

FULGORID^ 

Subfamilia  CIXIIN^4E 

Tribuis  DICTYOPHARINI  Stal 

Dictyomorpha  hectica  sp.  nov. 

Der  D.  elongata  Mel.  sehr  ahnlich.  Der  wesentlichste  Unter- 
schied  von  dieser  Art  besteht  darin,  dass  der  sehr  lange  Kopf- 
fortsatz  sich  dicht  vor  dem  Ende  etwas  erweitert  und  dann  kurz 
zuspitzt,  und  zwar  rechtwinklig. 

Der  ganze  Korper  einschliesslich  der  Flugel  und  Beine  grun ; 
auch  die  Dornen  der  Beine  sind  vollig  grtin ;  braun  sind  nur  die 
Augen  und  die  Krallen.  Der  Mittelkiel  des  Scheitels  nur  zwi- 
schen  den  Augen  und  ein  wenig  daruber  hinaus  deutlich,  nachher 
nur  noch  kaum  wahrnehmbar;  alle  ubrigen  Kiele  an  Kopf, 
Pronotum  und  Scutum  wie  bei  D,  elongata;  vollige  Uebereinstim- 
mung  auch  beim  Flugelgeader. 

'Deutsch.  Ent.  Zeitsch.  Berlin,  Heft  3  (1924). 
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Gesamtlange  bei  angelegten  Flugeln,  18  Millimeter ;  Kopf ,  5.5 
Millimeter;  Pronotum  -f  Scutum,  3  Millimeter;  Vorderfliigel,  11 
Millimeter. 

Luzon,  Laguna,  Mount  Banahao. 

Mir  lagen  zwei  Stiicke  vor. 

Von  weiteren  Dictyopharini  lagen  mir  vor  Dictyophara  javana 
Leth.,  1  Stiick  von  Mindanao,  Lanao,  Momungan,  und  zahlreiche 
Stiicke  des  Zuckerrohr-Schadlings,  D.  pallida  Don. 

Die  Gattung  Dictyophara  muss  FuLgora  heissen,  da  Latreille 
1810  Fulgora  europaea  L.  als  Genotype  festlegte. 

Tribus  CIXIINI  Stal 

Dystheatias  punctata  Melichar. 

Mir  lagen  5  Stiicke  vor:  4  zitronengelbe  mit  gleichfarbigen 
Punkten  auf  den  Vorderfliigeln,  von  Luzon,  Kalinga,  Balbala- 
sang:  Ifugao,  Mount  Polis,  und  ein  brauner  mit  dunkleren 
Punkten  auf  den  Adern,  von  Mindanao,  Surigao,  Surigao.  Da 
skulpturelle  Unterschiede  nicht  nachweisbar  sind,  halte  ich  beide 
Tiere  fiir  Vertreter  obiger  Art  und  stelle  D.  fuscovenosa  Mel.  als 
Synonym  dazu. 

Melichar  schreibt:-  **Ocellen  klein,  die  3.  Ocelle  nicht  vor- 
handen."  Dazu  mochte  ich  bemerken,  dass  die  Ocellen  relativ 
durchaus  nicht  klein  sind,  und  dass  die  dritte  Ocelle  vorhanden 
ist,  nur  ist  sie  im  Verhaltnis  zu  den  beiden  andern  Ocellen  sehr 
klein  und  f erner  schwer  sichtbar,  weil  sie  hinter  der  Umbiegung 
des  Stirnkieles  zumi  Clypeus  liegt  und  darum  nach  unten  gerichtet 
ist. 

Subfamilia  TROPIDUCHIN^^  Stal 

Tribus  TROPIDUCHINI 

Daradax  nebulosus  sp.  nov. 

Kopf  etwas  kiirzer  als  Pronotum  und  Scutum  zusammen,  und 
deshalb  in  die  Nahe  von  D,  nasutus  Mel.  gehorig.  Scheitel  an 
den  Seiten  geradlinig,  nach  vorn  um  die  Halfte  verengt,  an  der 
Spitze  abgerundet.  Seitenrander  der  Stirn  in  der  unteren 
Halfte  kaum  merklich  konkav.  Griin;  gelblich-braun  sind  die 
Kiele  des  Kopf es  und  des  Scutums,  die  Costa,  die  Spitze  der 
Vorderfliigel  auf  der  Innenseite  bis  zur  Subapicallinie  und  der 
Schlussrand  des  Clavus;  dunkelbraun  sind  je  ein  Punkt  in  der 
Clavusspitze  und  im  Ende  der  zweiten  Discoidalzelle  (von  aus- 
sen!),  f erner  zahlreiche  kleine  zusammenhangende  Punktchen 

'Philip.  Journ.  Sci.  §  D   9    (1914)    174. 
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in  der  gebraunten  Fliigelspitze.  Zwischen  den  Adern  der  Vor- 
derfliigel  befinden  sich  verwaschene,  mattbraune,  ausgezackte 
Flecken,  die  so  weit  auseinander  stehen,  als  ihr  Durchmesser 
betragt.  Hinterflugel  milohweiss,  mit  griinen  Adern.  Grosse, 
12  bis  13  Millimeter. 

Fiinf  Stiicke  von  Mindanao,  Zamboanga,  Port  Banga. 

Ferner  lagen  mir  vor  6  Stiicke  von  Neocatara  philippinensis 
Dist.  von  Mindanao,  Surigao. 

Tribus  TAMBINIINl 

Taxilana  omata  sp.  nov. 

Diese  und  die  folgende  Art  haben  auf  dem  Scheitel  nur  einen 
Mittelkiel  wie  T.  ftcscocoriata  Muir,  laratica  Muir,  cruenta  Mel., 
und  apicalis  Mel.;  sie  bilden  aber  eine  Gruppe  fiir  sich,  da  sie 
griine  Vorderfliigel  besitzen,  denen  jede  Spur  von  Kornung  fehlt. 
Die  Angabe  bei  Melichar,^  "Die  Zellen  des  Coriums  mit  feinen 
Kornchen  besetzt,''  hat  demnach  als  Charakteristicum  der 
Gattung  auszuscheiden. 

Korper  und  Fliigel  griin ;  Kiel  und  Rander  des  Scheitels  und 
Mittelkiel  des  Pronotums  rotlich  angehaucht;  gelb  sind  die  Seiten 
des  Scutums  ausserhalb  der  Kiele  und  die  obere  Half te  des  Clavus 
vom  Schlussrand  bis  zur  Ader;  blutrot  sind  der  Mittelteil  des 
Scutums  zwischen  den  Kielen,  die  Innenecke  des  gelben  Clavus- 
teiles  und  die  Clavusader  von  der  Vereinigungsstelle  bis  zur 
Spitze.  Die  griinen  Flugel  sind  durchscheinend,  die  gelben  und 
roten  Farbflecke  aber  dicht  und  undurchsichtig.  Grosse,  6  bis 
6.5  Millimeter  mit  angelegten  Fliigeln. 

Mir  lagen  6  Stiicke  vor  von  Luzon,  Kalinga,  Balbalan :  If ugao. 
Mount  Polis,  Haight's  Place. 

Taxilana  simplex  sp.  nov. 

Das  ganze  Tier  gleichmassig  griin,  die  Fliigel  durchscheinend ; 
bei  einigen  Tieren  der  Hinterrand  des  Scutums  rotlich.  Grosse, 
6  bis  7  Millimeter  mit  angelegten  Fliigeln. 

Mir  lagen  6  Stiicke  vor  von  Luzon,  Kalinga,  Balbalasang,  Bal- 
balan :  Laguna,  Mount  Banahao :  Benguet,  Haight's  Place. 

Taxilana  granulata  St&l, 

Diese  Art  lag  mir  zahlreich  vor  von  Luzon  und  Mindanao. 
Gamnina  lepida  Melichar. 

Diese  Art  lag  mir  vor  von  Mindanao,  Zamboanga :  Lanao,  Port 
Banga,  Momungan,  Kolambugan. 

'Monogr.  d.  Tropiduchinen,  Verh.  d.  natf.  Ver.  Briinn  53    (1915)    172. 
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Subfamilia  LOPHOPIN^  Stal 

Tribus  ELICAINI  Meliehar 

Epiptyxis  plagiata  sp.  nov. 

Der  E,  serrata  Hpt.  von  Celebes  (Minahassa)  sehr  ahnlich.* 
Scheitel  nur  zur  Halfte  seiner  Lange  die  Augen  iiberragend. 
Gelbbraun ;  Spitze  des  Kopf es,  zwei  Punkte  vor  dem  Hinterrande 
des  Scheitels,  hintere  Halfte  des  Pronotums,  Mitte  des  Scutums, 
Vorderrand  und  Spitze  der  Vorderfliigel  (abgesehen  von  der 
hellen  Zeichnung)  und  Clavus  dunkler,  Kiele  heller;  hell  ocker- 
gelb  sind  der  grossere  untere  Teil  der  Stirn  und  die  Vorderbrust; 
Costalrand  mit  zahlreichen  parallelen  helleren  Querstrichen,  die 
bis  zum  Radius  reichen,  nach  der  Flugelspitze  zu  grosser  werden, 
weiter  auseinanderstehen  und  allmahlieh  so  sehr  aufhellen,  dass 
die  letzten  f iinf  fast  hyalin  sind ;  ausserdem  sind  im  Spitzenteil 
die  Queradern  aufgehellt.  Hintere  Aussenecke  der  Vorderfliigel 
gleichmassig  abgerundet,  bei  E.  serrata  fast  rechtwinklig  mit 
abgerundeter  Spitze.  Neben  den  Seitenkielen  der  Stirn  keine 
Kornchen.     Grosse,  11  Millimeter  mit  angelegten  Fliigeln. 

Zwei  Stiicke  von  Mindanao,  Zamboanga,  Port  Banga. 

Bemerken  mochte  ich  noch,  dass  weder  bei  dieser  Art  noch 
den  andern  bis  jetzt  bekannten  Arten  die  Stirnkiele  an  der  Stirn- 
basis  miteinander  verbunden  sind,  es  sei  denn,  dass  Meliehar 
den  Stirngipfel  mit  "Basis"  bezeichnet. 

Tribus  LOPHOPINI 

Lophops  carinata  Kirby. 

Diese  Art  var  in  1  Stuck  vertreten;  Mindanao,  Zamboanga, 
Port  Banga. 

Subfamilia  ISSIN^^  Spinola 

TribiAS  HEMISPHAERINI 

Hemispliaerius  variegatus  Stal. 

Ein  Stiick,  Mindanao,  Lanao,  Momungan. 

Hemispliaerius  tristis  Stal. 

Sechs  Stiicke,  Mindanao,  Lanao,  Momungan ;  Luzon,  Buranon. 
Bis  jetzt  nur  von  Batjan  bekannt. 

Hemispliaerius  sexvittatus  St41. 

Vier  Stiicke  von  Mindanao,  Surigao,  Surigao;  Siidost  Luzon; 
und  Siargao,  Dapa. 

*Stett.  Ent.  Ztg.  78  (1917)  308. 
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Hemispliaerius  chlorophanus  Melichar. 

Zahlreiche  Stiicke  von  Luzon;  2  Stiicke,  Mindanao,  Lanao, 
Kolambugan,  Momungan. 

Hemisphaerius  coccinelloides  Burman. 

Zehn  Stiicke,  vorliegend  von  Luzon,  Benguet,  Trinidad;  sonst 
noch  von  Bataan,  Limay,  und  Nueva  Vizcaya,  Imugan. 

Tribus  ISSINI 

Capelopterum  luzonensis  sp.  nov.      Tafel  1,  Fig.  1. 

Grundfarbe  olivgrun,  die  kleinen  Liicken  zwischen  den  viel- 
faltig  verzweigten  Netzadern  innerhalb  der  Zellen  braungelb, 
weitere  vorhandene  Flugelzeichnung  sehr  variabel:  meist  sind 
5  bis  7  elfenbeinweisse  Punkte  vorhanden  (beim  Weibchen!), 
die  sich  auf  die  Flugelmitte  verteilen  und  von  denen  3  an  der 
Grenze  des  ersten  Flugeldrittels  in  einer  Querreihe  stehen.  In 
der  Nahe  der  Sutura  clavi  befindet  sich  zuweilen  ein  sammt- 
schwarzer  Fleck,  wie  bei  C.  bimaculatum  Melichar.  Bei  einem 
der  Mannchen  liegt  dieser  schwarze  Fleck  inmitten  einer  drei- 
eckigen  Binde,  die  aus  schwarzen  Flecken  besteht.  Diese  Binde 
ist  dreieckig,  innen  umfasst  sie  die  beiden  Schlussrandhocker, 
nach  vorn  spitzt  sie  sich  zu  und  erlischt  am  Radius ;  das  Schul- 
terdrittel  ist  bei  diesem  Mannchen  rotlich  angehaucht  und 
tragt  auf  seiner  Mitte  einen  dunklen  Fleck.  Zuweilen  sind 
auch  die  Clavusadern  und  die  Adern  gegen  den  Rand  gerotet. 
Die  Weibchen  sind  dunkler  gefarbt,  mehr  braun  als  griin. 
Seitenecken  des  Scutums  braun  gefleckt.  Bei  Kopf,  Pronotum, 
Brust,  und  Beinen  erscheint  die  Grundfarbe  braunlich,  mit 
zahlreichen  griinen  Punkten  besetzt,  die  besonders  an  den  Bei- 
nen deutlich  hervortreten. 

Mannchen. — Genitalklappen  am  Grunde  bauchig  gerundet, 
doppelt  so  breit  als  in  der  halsartigen  oberen  Halfte,  oben  nach 
innen  geknickt,  zugespitzt,  und  am  Ende  mit  einem  Widerhaken 
versehen,  dessen  Spitzen  abgestumpft  erscheinen.  Hypopygium 
nach  dem  Ende  zu  verdiinnt  und  leicht  nach  unten  gebogen. 

Grosse,  5.5  bis  7  Millimeter. 

Mir  liegen  10  Stiicke  vor,  6  Mannchen  und  4  Weibchen ;  Luzon, 
Benguet,  Trinidad :  Laguna,  Mount  Banahao. 

Diese  Art  hat  grosse  Aehnlichkeit  mit  C  bimaculatum  Meli- 
char von  Neu-Guinea.  Die  Gattung  scheint  ausschliesslich  der 
Inselbriicke  Neu-Guinea-Philippinen  anzugehoren.  Als  mit  der 
Gattung  verwandt,  aber  entschieden  nicht  hingehorig,  sehe  ich 
C.  dohrni  Mel.  von  Java  und  C.  sellatum  Mel.  von  Ceylon  an. 
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Tonga  acutipennis  sp.  nov.     Tafel  1,  Fig.  2. 

Kopf,  Pronotum,  Scutum,  Brust,  und  Beine  braun,  Abdomen 
dunkelbraun ;  Vorderflugel  olivgriin,  von  den  Randern  her  leicht 
gebraunt,  die  Costa  etwas  dunkler;  Hinterflugel  leicht  getriibt, 
mit  griinlichen  Adern.  Kopf  so  lang  wie  Pronotum  und  Scu- 
tum zusammen,  Scheitel  fast  bis  zur  Spitze  mit  sehr  feiner 
Langsfurche;  Ende  des  Kopfes  (seitlich!)  zugerundet,  mit 
kurzem  Dorn  versehen.  Stirn  glatt,  Seitenkiele  fast  durchlau- 
fend,  Mittelkiel  nur  oben  vorhanden.  Kopf  ende  schwarz;  der 
kurze  Mittelkiel  ganz,  die  Seitenkiele  der  Stirn  bis  zur  Mitte, 
die  Seitenkiele  des  Scheitels  nur  am  Anfang  geschwarzt.  Pro- 
notum mit  Mittelkiel  (beiderseits  da  von  mit  eingestochenem 
Punkt) ,  sein  Saum  grob  gerunzelt,  die  Mitte  fast  glatt.  Scutum 
mit  Mittelkiel  und  angedeuteten  Seitenkielen.  Vorderflugel 
gleichmassig,  Steinpflaster  ahnlich,  genarbt,  Suturalecke  ziem- 
lich  schlank  zugespitzt  (etwa  50""!). 

Mdnnchen. — Genitalplatten  am  Grunde  bauchig  naoh  unten 
gewolbt,  von  da  an  allmahlich  verschmalert,  im  letzten  Drittel 
rund  nach  innen  umgebogen,  das  Ende  fast  S-f ormig  gekriinmit. 
Forceps  zweiteilig:  unterer  Teil  spitz,  oberer  Teil  langer,  kraf- 
tiger  und  zugerundet. 

Grosse,  15.5  Millimeter  mit  angelegten  Flugeln. 

Ein  Mannchen  von  Siidost  Luzon. 

Tonga  irregnlata  sp.  nov. 

Korper  hellbraun;  Flugel  olivgrun,  von  der  Schulter  her  bis 
etwa  zur  Mitte  leicht  gebraunt,  Adern  gegen  das  Ende  starker 
hervortretend,  vor  allem  im  Vergleich  zu  der  Ausfiillung  der 
Zellen,  die  locker  und  unregelmassig  ist  und  kein  solch  ge- 
schlossenes  (Steinpflaster  ahnliches)  Muster  bildet  wie  etwa  bei 
der  vorhergehenden  Art  oder  wie  bei  T.  inermis  Stal.  Kopf  um 
ein  Viertel  langer  als  Pronotum  und  Scutum  zusammen ;  Scheitel 
mitten  glatt,  ohne  Spur  eines  Kieles;  Ende  des  Kopfes  (seit- 
lich!) schlank  zugespitzt,  in  einen  Dorn  auslaufend,  Stirn  mit 
durchlaufendem  Mittelkiel,  der  sich  auf  dem  Clypeus  fortsetzt, 
und  Seitenkielen,  die  etwas  vor  dem  Clypeus  verloschen.  Zu- 
gespitztes  Kopfende  unten,  Seitenkiele  der  Stirn  bis  zur  Mitte 
und  Mittelkiel  nur  ganz  oben  schwarz.  Schwarz  sind  ebenfalls 
die  Kanten  an  den  Schienen  der  beiden  vorderen  Beinpaare. 
Pronotum  mit  Mittelkiel  und  eingestochenen  Punkten  zu  beiden 
Seiten  des  Kieles,  an  den  Seiten  grob  gerunzelt.  Scutum  mit 
Mittelkiel?  (durch  die  Nadel  demoliert!),  Seitenkiele  angedeutet. 
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Vorderfliigel  ebenso  schlank  zugespitzt  wie  bei  T.  acutipennis, 
Suturalecke  etwa  50''.     Grosse,  17  Millimeter  mit  angelegten 
Fliigeln. 
Ein  Weibchen,  Siargao,  Cabuntug. 

Tonga  semipolita  sp.  nov.     Tafel  1,  Fig.  3. 

Korper  zwischen  hellbraun  und  olivgriin ;  Beine  hellbraun,  die 
Kanten  an  den  Schienen  der  beiden  vorderen  Beinpaare  schwarz ; 
Fliigel  olivgriin,  von  der  Schulter  gegen  die  Mitte  mehr  oder 
v^eniger  gebraunt  und  etwa  bis  zur  Mitte  glanzend  glatt,  ohne 
Narbung.  Kopf  so  lang  wie  Pronotum  und  Scutum  zusammen, 
vorn  schwarz,  mit  kurzem  Dorn,  kurz  zugespitzt,  unterhalb 
des  Domes  neben  den  Seitenkielen  jederseits  mit  je  einem 
schwieligen  Knotchen,  das  bei  keiner  andern  der  hier  genannten 
Arten  so  deutlich  hervortritt  als  bei  dieser  Art.  Scheitel  mit 
undeutlich  begrenztem  gelblichen  Langsstrich  auf  der  Mitte. 
Pronotum  mit  mittlerem  Langskiel,  daneben  2  eingestochene 
Punkte,  im  iibrigen  grob  punktiert,  besonders  an  den  Randem. 
Scutum  mit  Mittelkiel,  im  iibrigen  glatt.  Stirn  mit  durchlau- 
fendem  Mittelkiel,  der  sich  bis  auf  den  Clypeus  f ortsetzt,  Seiten- 
kiele  ebenfalls  durchlaufend,  die  Kiele  von  oben  her  mehr  oder 
minder  geschwarzt  oder  auch  nicht  geschwarzt.  Costalrand 
der  Vorderfliigel  etwa  in  der  Mitte  stumpfwinklig  nach  vorn 
gezogen,  wodurch  die  Fliigel  trapezoidischen  Umriss  erhalten, 
Suturalecke  fast  rechtwinklig,  dem  rechten  Winkel  mehr  genahert 
als  bei  T.  inermis. 

Mdnnchen. — Genitalplatten  am  Grunde  wenig  bauchig  vor- 
gewolbt,  fast  gleichbreit,  am  Ende  rechtwinklig  umgebogen  zu 
einem  diinnen,  gestreckten  Fortsatz.  Forceps  unten  einen 
schlanken  Dorn  bildend,  von  dem  sich  nach  oben  eine  segelartige 
Spannhaut  zieht. 

Grosse,  14  bis  18  Millimeter  mit  angelegten  Fliigeln. 

Mir  liegen  5  Stiicke  vor  von  Luzon,  Nueva  Vizcaya,  Imugan; 
Kalinga,  Balbalan ;  und  1  Stiick  von  Polillo. 

Tonga  inermis  Stal.     Tafel  1,  Fig.  4. 

Diese  Art  liegt  mir  in  8  Stiicken  vor  von  Luzon,  Ilocos  Norte, 
Bangui :  Benguet,  Trinidad.  Um  die  Unterscheidung  der  Arten 
kiinftig  zu  erleichtern,  bilde  ich  das  Genitalsegment  der  Mann- 
chen  ab. 

Mdnnchen, — Genitalplatten  mnten  bauchig  vorgewolbt,  nacji 
oben  allmahlich  verschmalert,  oben  fast  rechtwinklig  zu  einem 
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wenig  verschmalerten  Fortsatz  umgebogen.  Forceps  zweiteilig : 
der  untere  Fortsatz  lang,  gleichbreit,  am  Ende  kurz  rechtwink- 
lig  aufgebogen,  nach  hinten  gerichtet,  der  am  Grunde  stehende 
zweite  Fortsatz  kurz,  am  Ende  etwas  erweitert,  nach  oben  und 
innen  gerichtet. 

Tribus  THIONINI 

Tetrica  tricarinata  Stal. 

Es  liegen  mir  9  Stiicke  vor  von  Luzon,  Benguet,  Haight's 
Place:  Ifugao,  Mount  Polis:  Nueva  Vizcaya,  Imugan:  Kalinga, 
Balbalasang:  Laguna,  Los  Baiios. 

Tetrica  maculipennis  Stal. 

Es  liegen  mir  5  Stucke  vor  von  Mindanao,  Surigao,  und 
Siargao,  Dapa. 

Syrgis  acutus  Walker. 

Es  liegen  mir  3  Stucke  vor  von  Samar,  Catbalogan ;  Mindanao, 
Lanao,  Momungan,  und  Polillo. 

Subfamilia  FLATIN^^  Spinola 

Tribus  RICANIINI  A.  S. 

Ricania  speculum  Walker. 

Mir  liegen  zahlreiche  Stucke  vor  von  den  verschiedensten 
Fundorten  auf  Luzon,  Mindanao,  und  anderen  Inseln  des  Ar- 
chipels.  Die  Flecken  auf  den  Vorderflugeln  wechseln  so  sehr  in 
Grosse  und  gegenseitiger  Verbindung,  dass  ich  nicht  wagen  kann 
die  Philippinen-Formen  irgend  einer  der  schon  beschriebenen 
"Varietaten"  zuzuteilen  oder  als  neue  Form  zu  beschreiben. 

Eicania  proxima  Melichar. 

Diese  von  Hinterindien  her  iiber  den  indischen  Archipel  ver- 
breitete  Art  fehlt  also  auch  nicht  auf  den  Philippinen.  Mir 
liegen  7  Stucke  vor  von  Luzon,  Laguna,  Los  Baiios,  und  Manila; 
Mindanao,  Zamboanga,  Port  Banga. 

Eicania  stupida  Walker. 

Sehr  zahlreich  von  Luzon,  Polillo,  und  Mindanao. 

Eicanoptera  mellerborgi  Stal. 

Mir  liegen  5  Stucke  von  Polillo  vor.  Ich  spreche  die  Stucke 
als  besondere  Form  an,  da  der  grosse  Fleck  in  der  Mitte  der 
Vorderfliigel  sehr  ausgezackt  ist  und  im  Innern  einige  dunkle 
Stellen  zeigt,  so  dass  es  den  Anspchein  hat,  als  woUe  er  sich  in 
mehrere  kleine  Flecken  auflosen.  Ich  nenne  sie  Forma  reducta 
n.  f. 
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Scolypopa  aeneomicans  sp.  nov. 

Nervus  radialis  und  subradialis  entspringen  mit  einem  gemein- 
schaftlichen  Stiel  aus  der  Basalzelle.  Stirn  hell  ockergelb,  mit- 
ten langsgerunzelt  und  grob  punktiert,  an  den  Seiten  fast  glatt. 
Clypeus  an  den  Seiten  mit  feinen  braunen  Schragstreifen. 
Scheitel  quer,  sehr  schmal,  mit  feinen  Langsrunzeln.  Pronotum 
doppelt  so  lang  als  der  Scheitel,  mit  feinem  Mittelkiel,  vom 
flachbogig  vorgezogen,  hinten  flachbogig  ausgeschnitten,  mitt- 
leres  Drittel  fast  gleichbreit,  Seitendrittel  hinter  den  Augen 
fast  um  die  Halfte  verschmalert.  Scutum  lederartig,  vorn  mit 
Querkiel,  Mittelkiel  fein  und  hinten  abgekiirzt,  Seitenkiele 
bogenformig,  vorn  und  hinten  abgekiirzt.  Vorderflugel  hell 
ockergelb  mit  dunkelbrauner  Zeichnung  und  fast  milchweissen 
Randflecken.  Dunkelbraun  ist  eine  keilformige,  nach  hinten 
zugespitzte  Querbinde  hinter  dem  Basaldrittel  und  das  Apical- 
drittel.  Der  erste  der  weisslichen  Randflecke  liegt  auf  der  Mitte 
des  Vorderrandes,  der  zweite  zwischen  diesem  und  der  Spitze, 
der  dritte,  sehr  kleine  Randfleck  liegt  dicht  vor  der  Spitze;  in  der 
oberen  Halfte  des  Apicalrandes  liegen  dicht  bei  einander  zwei 
kleine  dreieckige  Flecken.  Die  hellen  Stellen  des  Vorderfliigels 
sind  fast  hyalin;  die  dunkeln  Stellen  sind  hier  und  da  flecken- 
artig  aufgehellt  und  zeigen  in  schragem  Lichte  kupferigen 
Metallglanz.  Hinterfliigel  leicht  getriibt  mit  angedunkeltem 
Saum,  dieser  Saum  nach  der  Analzelle  zu  verbreitert.  Vorder- 
korper  dunkelbraun,  Hinterleib,  Stirn,  Brust,  und  Beine  hell- 
braun.  Hinterschienen  mit  drei  Dornen,  der  obere  Dorn  sehr 
klein.     Grosse,  Korper,  6  Millimeter ;  Spannweite,  17  Millimeter. 

Ein  Weibchen  von  Luzon,  Kalinga,  Lubuagan. 

Alisca  tagalica  Stal. 

Ein  Weibchen  von  Polillo. 

Alisca  circumpicta  Stal. 

Ein  Weibchen  von  Luzon,  Bataan,  Limay. 

Mindura  subfasciata  St&l. 

Mir  liegen  12  Stiicke  vor  von  Luzon  und  Mindanao,  Surigao, 
Surigao. 

Tribus  FLATINI  Spinola 

riata  floccosa  Guerin. 

Zahlreich  von  Mindanao,  Surigao,  Surigao. 

Flata  subguttata  Stal. 

Vier  Stiicke  von  Mindanao,  Surigao,  Surigao. 
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Cerynia  albata  Stal. 

Drei  Stiicke  von  Mindanao,  Surigao,  Surigao. 

Bythopsyrna  leucophaea  Stal. 

Sehr  zahlreich  von  Mindanao,  Surigao,  Surigao. 

Phyma  guttifascia  Walker. 

Die  bis  jetzt  von  dieser  Art  beschriebenen  "Varietaten"  sind 
nur  als  Aberrationen  anzusprechen.  Ich  konnte  eine  neue  Aber- 
ration hinzuf  iigen,  bei  der  Diagonalstrich,  Schlussrandsaum,  und 
Punktreihen  am  Apicalrande  sich  in  breite  schwarzbraune  Strei- 
fen  verwandelt  haben  (1  Weibchen  von  Polillo).  Ich  nehme  an, 
dass  sich  mit  der  Zeit  noch  viel  mehr  Abanderungen  finden 
werden,  die  alle  ineinander  libergehen.  Ausser  dem  genannten 
Stiick  lagen  mir  noch  drei  andere  vor  von  Samar,  Catbalogan; 
Mindanao,  Surigao,  Surigao;  Zamboanga,  Zamboanga. 

Mesophylla  inclinata  Melichar. 

Zahlreich  von  Luzon,  Laguna,  Mount  Banahao  (nur  1  Stiick !) 
Los  Baiios:  Manila;  Kalinga,  Lubuangan,  Balbalan;  Bataan, 
Limay;  Catanduanes,  Virac;  Mindoro,  Zamboanga,  Lubaan. 

Colgar  calochroma  Walker. 

Sehr  zahlreich  vorhanden.  Flecken  zum  Teil  sehr  bleich  und 
kaum  sichtbar  bis  orangegelb,  Rander  der  Vorderfliigel  unge- 
farbt  Oder  mehr  oder  minder  intensiv  kirschrot. 

Luzon,  Laguna,  Mount  Banahao.     Camiguin,  bei  Mindanao. 

Subfamilia  ACHILIN^^  Stal 

Eine  absolut  sichere  Definition  fiir  diese  Subfamilie  scheint 
noch  zu  fehlen,  und  es  ist  mir  auch  nicht  moglich,  an  dieser 
Stelle  eine  zu  geben.  Hauptmerkmal  scheint  die  eigenartige 
Form  der  Vorderfliigel  zu  sein,  bei  denen  der  Innenrand  bis 
zur  Clavusspitze  geradlinig  verlauft,  dann  aber  stumpfwinklig 
abbiegt,  so  dass  in  der  Ruhelage  die  Innenecken  der  Membran 
libereinander  greifen.  Der  Scheitel  kann  von  der  Stirn  abge- 
grenzt  sein  oder  vollig  glatt  in  diese  iibergehen. 

Cythna  glabra  sp.  nov.     Tafel  1,  Fig.  5. 

Stirn  langlich,  im  unteren  Drittel  am  breitesten,  hier  etwa 
halb  so  breit  als  lang,  mit  dem  Clypeus  zusammen  gestreckt- 
lanzettformig,  mit  durchgehendem  scharfen  Langskiel,  neben 
den  Augen  sehr  leicht  verengt.  Scheitel  um  die  Halfte  seiner 
Lange  die  Augen  iiberragend  mit  scharfem  Mittelkiel  und  schar- 
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fen  Seitenkielen,  die  sich  vorn  in  einem  Spitzbogen  vereinigen. 
Pronotum  tief  winklig  ausgeschnitten  mit  drei  deutlichen 
Langskielen,  Seitenlappen  mit  zwei  schwachen  Langskielen 
hinter  den  Augen.  Scutum  rhombisch,  mit  drei  Langskielen,  die 
fast  parallel  verlaufen  und  in  einer  Richtung  mit  den  iibrigen 
Kielen  liegen.  Vorderflugel  durchscheinend  mit  deutlichen 
Adern ;  die  innere  Clavusader  verlauf t  in  der  Richtung  zur  Cla- 
vusspitze,  verlischt  aber  beim  Beginn  des  letzten  Viertels  ihres 
Weges,  kurz  vorher  ist  sie  durch  eine  gerade  Querader  mit  der 
inneren  Glavusader  verbunden.  Die  Apicalzellen  nehmen  von 
innen  nach  aussen  zu  stufenformig  ab,  die  innerste  Zelle  ist 
dreimal  so  lang  als  die  ausseren  Zellen. 

Farbe  gelbbraun.  Seiten  der  Stirn  gegen  die  Spitze  leicht 
gerotet,  Ocellen  rot,  Stirngipfel  leicht  gebraunt,  Scheitel  in  den 
Vertiefungen  braun.  Vorderflugel  im  ganzen  heller  als  die 
Iibrigen  Korperteile,  schwach  glanzend,  ohne  Kornchen  auf  deii 
Adern  und  ohne  Haare,  die  kurze  Clavusquerader  weiss,  die  Api- 
calzellen am  Saum  gebraunt.  Alle  Kiele  etwas  heller  als  der 
Untergrund.     Grosse,  5  Millimeter. 

Ein  Stuck  von  Mindanao,  Surigao,  Surigao. 

Tangina  (=Eurynbiiieiis  Kirkaldy)  modesta  sp.  nov. 

Stirn  und  Clypeus  mit  durchgehendem  Mittelkiel,  dicht  iiber 
dem  Clypeus  stumpfwinklig  verbreitert.  Kopf  von  oben  gese- 
hen  gleichmassig  gerundet,  Scheitel  nur  wenig  vortretend,  in 
der  Mitte  und  an  den  Seiten  nur  schwach  gekielt.  Pronotum 
tief,  gerundet-stumpfwinklig  ausgeschnitten,  Mittelkiel  deutlich, 
die  schragen  Seitenkiele  wenig  deutlich.  Scutum  hinten  spitzer 
als  vorn,  mit  drei  parallelen  schwachen  Langskielen.  Vorder- 
flugel durchscheinend  mit  deutlichen  glatten  Adern,  matt- 
glanzend. 

Farbe  hellbraun.  Spitze  des  Kopfes  gebraunt.  Pronotum 
und  Vorderflugel  trub-gelblich ;  zitronengelb  sind  zwei  Flecken 
auf  dem  Scutum  neben  den  Seitenkielen  und  ein  Streif  des  Cla- 
vus  neben  dem  Scutum.     Grosse,  5  Millimeter. 

Ein  Stuck  von  Mindanao,  Lanao,  Kolambugan. 

Tangina  quadrilineata  Melichar. 

Liegt  mir  zahlreich  von  Mindanao  vor. 

Callinesia  maculinervis  sp.  nov.     Tafel  1,  Fig.  6. 

Kopf  die  Augen  nur  wenig  uberragend;  Stirn  langlich  mit 
durchlaufendem  scharfen  Mittelkiel,  Randkiele  scharf,  gehoben, 
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grosste  Breite  etwas  unterhalb  der  Mitte,  2.5  mal  so  lang  als 
breit,  oben  halb  so  breit  als  bei  der  Mitte ;  Scheitel  ahnlich  einer 
Pfeilspitze  mit  scharf em  Mittelkiel,  der  die  Spitze  nicht  erreicht, 
die  Rander  stark  gehoben  und  gescharft.  Pronotum  hinten 
rechtwinklig  ausgeschnitten,  mitten  mit  drei  scharfen  Kielen, 
von  denen  die  beiden  seitlichen  divergieren;  hinter  den  Augen 
noch  zwei  abgekiirzte  kaum  merkliche  Kiele  gegen  die  Tegulae. 
Scutum  mit  drei  scharfen  Kielen,  die  Seitenkiele  etwas  diver- 
gierend.  Vorderflugel  mit  scharf  hervortretenden  Adern; 
aussere  Clavusader  vor  ihrer  Vereinigung  mit  der  inneren  mit 
der  Clavusnaht  durch  eine  Querader  verbunden;  im  Cerium 
drei  Sectoren,  der  mittlere  und  aussere  mit  gemeinsamem  kur- 
zen  Stiel,  der  innere  und  aussere  etwas  oberhalb  der  Mitte 
gegabelt,  die  inneren  Gabelaste  im  unteren  Drittel  mit  dem  mitt- 
leren  Sector  durch  Queradern  verbunden;  an  der  Spitze  sind 
zehn  fast  gleichlange  Apicalzellen  vorhanden. 

Farbe  gelblich-braun.  Stirn  unregelmassig  braun  gefleckt 
(marmoriert),  an  den  Seitenkielen  gelblich  punktiert,  unter- 
halb der  Erweiterung  mit  gelblichem  Querband.  Scheitel  mit- 
ten quer  dunkelbraun,  ebenfalls  dunkelbraun  die  Spitze  und 
die  hinteren  Ecken;  Pronotum  unregelmassig  braun  gefleckt. 
Scutum  ganz  dunkelbraun,  nur  die  Kiele  heller;  im  vorderen 
Drittel  die  Seitenkiele  mit  dem  Mittelkiel  jederseits  durch  einen 
gebogenen  schmalen  Querstreif  verbunden.  Vorderflugel  auf 
hellbraunem  Grunde  dunkel  gefleckt;  die  Flecken  gehen  stets  von 
den  Adern  aus,  auf  denen  sie  am  dunkelsten  sind,  so  dass  die 
Adern  abwechselnd  hell  und  dunkel  gefarbt  erscheinen.  Beine 
hellbraun,  Schenkel  und  Schienen  mit  je  zwei  dunkelbraunen 
Ringen.     Grosse,  5  Millimeter. 

Mindanao,  Surigao,  Surigao:  Lanao,  Momungan. 

Genus  WINAWA  novum 

Scheitel  die  Augen  nur  wenig  tiberragend,  breit,  glatt,  ohne 
Kiele,  mit  gleichmassiger  Rundung  in  die  Stirn  ubergehend; 
Stirn  mit  schwachem  Mittelkiel,  der  auf  der  Rundung  zum 
Scheitel  verloscht,  unterhalb  der  Mitte  etwas  verbreitert,  von 
dieser  Stelle  ab  zum  Clypeus  spitz  zulaufend,  so  dass  sich  jeder- 
seits eine  stumpfe  Ecke  bildet.  Scheitel  hinten  sehr  flachbogig 
ausgeschnitten;  Pronotum  hinten  stumpfwinklig  ausgeschnitten 
mit  drei  Langskielen.  Scutum  quer-rhombisch,  leicht  gewolbt, 
mit  drei  fast  parallelen  Langskielen,  hinten  mit  gehobenem 
Rand.  Vorderflugel  mit  zwei  Sectoren;  der  innere  gabelt  sich 
nahe  der  Clavusspitze,  der  aussere  nahe  der  Schulter;  der  aus- 
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sere  Gabelast  des  letzteren  gabelt  sich  nochmals  etwa  in  der 
Mitte  des  Fliigels  und  sendet  eine  gebogene  Ader  zur  Stelle  des 
Stigmas.  Die  Apicalzellen  sind  innen  am  langsten  und  nehmen 
nach  aussen  sehr  schnell  an  Grosse  ab.  Durch  eine  Stufenader, 
die  zum  Stigma  zieht,  werden  unterhalb  der  Fliigelmitte  drei 
gleichgrosse  Discoidalzellen  abgegrenzt.  Clavus  mit  zwei  Adern, 
die  sich  nahe  der  Spitze  vereinigen. 

Winawa  bicolor  sp.  nov.     Tafel  1,  Fig.  7  und  8. 

Farbe  schokoladenbraun  und  chromgelb.  Gelb  sind:  eine 
Binde  uber  die  breiteste  Stelle  der  Stirn,  die  sich  bis  auf  die 
Wangen  verlangert,  zwei  feine  Striche  auf  dem  Scheitel  neben 
den  Augen,  die  ausserste  Spitze  des  Scutums,  und  zwei  keilfor- 
mige  Binden  auf  den  Vorderflugeln ;  die  obere  Binde  liegt  im  vor- 
deren  Drittel  des  Fliigels,  liegt  mit  ihrer  Spitze  am  Costalrande 
in  gleicher  Hohe  mit  der  Spitze  des  Scutums  und  verbreitert  sich 
nach  innen  bis  zur  Vereinigung  der  beiden  Clavusadern;  die 
zweite  Binde  liegt  mit  ihrer  breitesten  Stelle  am  Costalrand  et- 
was  unterhalb  der  Fliigelmitte  und  beriihrt  das  Stigma,  nach 
innen  spitzt  sie  sich  zu,  lauft  mit  ihrem  unteren  Rande  der 
oberen  Grenzader  der  Discoidalzellen  parallel  und  erreicht  mit 
ihrer  Spitze  den  ausseren  Gabelast  des  inneren  Sectors.  Gelb 
sind  femer  an  den  Hinterbeinen  die  Kniee  und  die  unteren 
Halfte  der  Schienen.  Der  ganze  iibrige  Korper  dunkelbraun 
mit  Ausnahme  der  hellen  Hinterbrust;  Vorderfliigel  gegen  das 
Ende  heller  gebraunt.     Grosse,  5  Millimeter. 

Mindanao,  Lanao,  Kolambugan. 

Im  Anschluss  hieran  mochte  ich  bemerken,  das  es  sich  bei 
den  Gattungen  Cythna  und  CalUnesia  von  den  Philippinen  ver- 
mutlich  um  neue  Gattungen  handelt,  da  sie  augenscheinlich,  vor 
allem  wegen  des  Clavusgeaders,  mit  jenen  des  australischen 
Faunengebietes  nicht  ubereinstimmen. 


ILLUSTRATIONEN 

[Zeichnungen  von  H.  Haupt.] 

Tapbl  1 

Fig.  1.  Capelopterum  luzonensis  sp.  nov. 

2.  Tonga  acutipennis  sp.  nov. 

3.  Tonga  semipolita  sp.  nov.     . 

4.  Tonga  inermis  St^l. 

5.  Cythna  glabra  sp.  nov. 

6.  Callinesia  maculinervis  sp.  nov. 

7.  Winawa  bicolor  sp.  nov. 

8.  Winawa  bicolor  sp.  nov. 
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EXPERIMENTAL  INQUIRY  INTO  THE   CONSTANCY  OF 
TYPES  OF  BACILLUS  DYSENTERIC 

By  Kan-Ichiro  Morishima' 

Of  the  Division  of  Biology  and  Serum  Laboratory, 
Bureau  of  Science,  Manila 

ONE    PLATE 

In  a  previous  publication  ^  I  presented  the  results  of  my 
investigation  on  the  variation  of  Bacillus  typhosus.  The  phe- 
nomena are  of  great  interest  to  the  bacteriologist ;  whether 
variations  or  mutations,  they  exist.  As  far  as  Bacillus  typho- 
sus is  concerned,  it  must  be  admitted  that  this  pathogenic 
microbe  is  fairly  constant  and  uniform,  and  its  identification 
gives  comparatively  little  difficulty.  There  are,  on  the  other 
hand,  bacteria  that  play  important  roles  in  the  etiology  of 
human  diseases  w^hich  are  not  uniform,  but  represent  what  are 
designated  in  bacteriological  terminology  as  types.  Bacillus 
dysenterise  is  one  of  them. 

Through  Shiga's  discovery  of  the  cause  of  bacillary  dysentery 
and  its  confirmation  and  amplification  by  Kruse,  the  study  of 
the  bacteriology  of  dysenterylike  infections  has  received  a  great 
impetus.  It  was  not  long  before  strains  of  bacteria  were  iso- 
lated from  cases  that  clinically  were  identical  vdth  dysentery 
which  resembled  the  originally  isolated  Bacillus  dysenterise  in 
many  respects,  but  differed  from  it  culturally  and  serologically. 
The  numerous  stdfties  by  various  authors  resulted  in  the  dis- 

'  Major,   Medical   Corps,   Imperial  Japanese   Army,   Tokyo,   Japan. 
'Journ.  Bact.  No.  3  6    (1921)    275. 
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covery  of  several  types  of  Bacillus  dysenterix.  These  are 
classified  into  two  main  groups:  the  first  is  the  original  Shiga- 
Kruse  type,  and  the  second  group  comprises  a  number  of  types 
designated  by  the  name  of  the  discoverer  or  the  locality  where 
found.  The  first  main  group  (that  is,  the  Shiga-Kruse  type) 
is  fairly  uniform  and  constant,  and  its  points  of  differentiation 
from  the  second  main  group  are:  First,  inability  to  ferment 
mannite;  second,  its  considerable  toxicity,  which  property  is 
demonstrable  on  certain  experimental  animals;  and  third,  its 
serological  behavior,  which  sets  this  type  apart  from  the  second 
group.  The  Shiga-Kruse  type  has  been  recently  further  clas- 
sified, both  serologically^  and  by  means  of  the  test  for  indol 
production,  and  certain  strains  were  found  that  behave  in  many 
respects  like  B.  dysenterix  Shiga-Kruse,  but  serologically  belong 
in  separate  groups.  As  far  as  production  of  indol  is  con- 
cerned, some  of  these  strains  behave  like  the  group  of  mannite 
fermenters.  The  second  main  group  is  differentiated  by  its 
lack  of  toxicity  and  by  its  ability  to  acidify  mannite.  This 
group  is  furthermore  distinct  from  the  first  group  serologically. 
There  are  subgroups  in  the  second  main  group  that  are  differ- 
entiated by  their  behavior  on  one  or  the  other  carbohydrate 
medium ;  but  they  all  ferment  mannite. 

Arrangement  of  the  members  of  B.  dysenterix  into  groups 
and  types  offers  valuable  information,  to  be  sure.  How  much 
of  a  practical  advantage  the  subgrouping  of  the  second  group 
offers  is  a  question.  From  the  theoretical  standpoint,  it  seems 
more  important  to  study  the  derivation  of  one  type  from  another 
than  to  add  new  types  or  subgroups  to  the  already  voluminous 
literature. 

The  object  of  this  investigation  was  to  study,  if  possible, 
the  transition  of  one  type  of  B.  dysenterix  into  another  by  arti- 
ficial means  (that  is,  by  cultivation  on  special  media),  and 
to  study  the  adaptation  of  the  particular  type  to  that  carbo- 
hydrate which  serves  as  a  differential  medium  between  the 
several  types. 

CULTURES  USED  IN  THE  EXPERIMENTS 

The  following  cultures  were  used  in  these  experiments : 

1.  Stock  cultures  of  the  Bureau  of  Science  Serum  Laboratory,  including 
strains  obtained  from  Kitasato  Institute,  Japan. 

2.  Cultures  recently  isolated  at  the  Bureau  of  Science  from  patients. 

*Lacy,  G.  R.,  Philip.  Journ.  Sci.  28    (1925)    313-328. 
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3.  Collection  of  cultures  obtained  from  the  United  States.  This  collec- 
tion contains — 

Cultures   from  the   Rockefeller   Institute    (E.,   R.   I.;    24,   R.   I.;    and 

Hiss  Y,  R.  I.). 
Cultures  from  the  Hygienic  Laboratory,  Washington,  D.  C.    (Harris, 

H.  L.;  and  Hiss  Y,  H.  L.). 
Strains    from   the   Army   Medical    School,    Washington,    D.    C.    (J-6, 
A.M.S.;  and  Hiss  "Y",  J-3-B,  A.  M.  S.). 

The  past  history  of  these  strains  is  unknown,  and  it  is  as- 
sumed that  all,  with  the  exception  of  group  2,  had  been  kept 
more  than  two  years  on  artificial  media. 

MEDIA  USED  AND   TECHNIC  EMPLOYED 

The  following  media  were  used  in  these  experiments: 

Nutrient  agar. — The  agar  employed  contained  1  per  cent  pep- 
tone, 0.33  per  cent  Liebig's  beef  extract,  0.5  per  cent  sodium 
chloride,  and  2  per  cent  agar.  Its  reaction  was  adjusted  neutral 
to  litmus,  and  it  was  autoclaved  for  ten  minutes  at  10  pounds 
pressure. 

Nutrient  broth, — The  nutrient  broth  used  contained  0.33  per 
cent  Liebig's  extract,  1  per  cent  peptone,  and  0.5  per  cent  so- 
dium chloride.  The  ingredients  were  dissolved  and  the  solution 
was  filtered  through  paper  and  autoclaved  for  ten  minutes  at 
15  pounds  pressure. 

Media  containing  carbohydrates. — In  order  to  avoid  the 
decomposition  of  the  various  carbohydrates  added  to  the  media 
during  sterilization  the  carbohydrates  were  dissolved  in  sterile 
distilled  water  and  sterilized  separately  for  ten  minutes  at  10 
pounds  pressure  in  autoclave.  They  were  subsequently  added 
to  the  nutrient  agar  or  broth  media,  either  without  indicator 
or  with  an  adequate  amount  of  sterilized  litmus  solution.  The 
media  were  placed  in  small  sterile  test  tubes  or  on  Petri  dishes, 
and  were  allowed  to  stand  twenty-four  hours  at  37°  C,  and 
another  twenty-four  hours  at  room  temperature,  before  they 
were  used. 

The  cultures  were  transferred  to  plain  nutrient  agar  plate 
and  incubated  overnight.  A  well-separated,  single  colony  was 
then  transferred  to  a  tube  of  peptone  water  (1  per  cent  peptone 
and  0.5  per  cent  sodium  chloride  neutral  to  litmus).  When 
growth  had  taken  place  in  this  tube,  one  loopful  of  the  peptone- 
water  culture  was  transferred  to  each  tube  of  the  carbohydrate 
media.  The  peptone-water  cultures  were  checked  by  aggluti- 
nation with  antidysenteric  serum. 
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In  plating  the  cultures  on  carbohydrate  plates,  one  or  two 
loopfuls  of  bacterial  suspension  were  usually  streaked  close  to 
the  margin  of  the  Petri  dish.  The  plate  was  divided  into  five 
fields  by  lines  drawn  on  the  bottom.  From  the  first  streak 
made  with  the  loop,  the  suspension  was  spread  over  one-fifth 
of  the  surface,  from  the  border  of  this  area  over  the  next  field, 
and  then  from  the  last  field  over  the  remaining  surface.  By 
this  method  the  distribution  of  colonies  was  found  to  be  satis- 
factory.* The  cultures  were  then  kept  in  the  incubator  until 
the  end  of  the  experiment.  They  were  occasionally  inoculated 
into  sugar  media,  to  control  possible  contamination. 

VARIATION  OF  BACILLUS  DYSENTERL^  ON  CARBOHYDRATE  PLATES 

The  dextrin  agar  plates  were  used  for  variation.  The  dex- 
trin was  obtained  from  Kahlbaum,  Germany.  The  cultures  of 
the  mannite  fermenters  of  Bacillus  dysenteric  were  inoculated 
on  the  plates.  The  colonies  that  developed  on  the  plates  within 
the  first  twenty-four  hours  upon  incubation  at  37°  C.  were  at 
times  numerous  and  at  times  few;  but  in  twenty-four  hours 
they  showed  a  typical  shape  and  were  slightly  opaque  and 
whitish.  On  the  following  day  the  colonies  became  more  pro- 
nounced in  shape  and  in  appearance.  On  the  third  day  there 
developed  on  the  edge  of  the  colonies  an  irregularly  outlined 
dense  colony  with  an  eclipselike  zone  and  about  three  or  four 
times  the  size  of  the  regular  colonies,  which  were  comparatively 
transparent.  These  atypical  colonies  were  different  from  the 
daughter  colonies  observed  by  me  previously  while  working 
with  cultures  of  Bacillus  typhosus,^  The  colonies  of  Bacillus 
dysenteric  developed  on  the  margin,  and  not  on  the  convexity 
of  the  colony  as  in  Bacillus  typhosus. 

Evidently  this  was  a  case  of  variation;  it  was  observed  in 
all  available  cultures  of  mannite  fermenters  that  were  more 
than  one  year  old.  In  some  instances  the  variation  was  observed 
on  plates  more  than  two  or  three  days  old. 

If  one  of  the  opaque,  irregularly  outlined  colonies  of  an  orig- 
inal Y  strain  was  fished  out  and  inoculated  into  1  per  cent 
maltose  or  1  per  cent  dextrin  broth  with  litmus  as  an  indicator, 
it  showed  acid  production  in  from  twenty-four  to  forty-eight 
hours.  If  at  the  same  time  one  of  the  small,  transparent,  round 
colonies  was  fished  out  from  the  same  plate  and  inoculated 

*  Morishima,  Kan-Ichiro,  Journ.  Inf.  Dis.  21    (1917)    145. 
''Journ.  Bact.  No.   3  6    (1921)    275. 
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into  both  of  the  above-mentioned  media,  it  produced  acid  only 
occasionally,  and  only  after  incubation  of  three  weeks  or  more. 
The  original  mother  culture  behaved  typically  as  did  the  Y 
type  on  dextrin  and  maltose  media.  Only  two  types  could  be 
obtained  ±hat  differed  from  each  other  in  cultural  and  biochem- 
ical characteristics. 

in  another  series  of  experiments  the  recently  isolate'd  strains 
that  did  not  ferment  maltose  and  dextrin  were  repeatedly  sub- 
cultured  in  media  containing  these  carbohydrates.  After  a  num- 
ber of  subcultivations  in  these  media,  acid  production  was  noticed 
with  some  cultures  that  originally  did  not  attack  maltose  or 
dextrin ;  but  all  attempts  to  produce  a  nonacid-producing  strain 
from  an  acid-producing  strain  by  artificial  cultivation  were 
unsuccessful  in  the  subcultivations  made. 

As  can  be  seen  from  our  experiments,  it  is  possible  to  obtain 
two  types  (Flexner  and  Y)  of  dysentery  bacilli  from  a  pure  Y 
type  on  the  dextrin  plate.  In  subcultivation  of  one  type  of 
colonies,  colonies  of  another  type  were  repeatedly  cast  off.  It 
was  possible  to  bring  this  about,  not  only  with  one  strain,  but 
with  several  strains  of  Bacillus  dysenterise.  It  may  be  that  the 
original  Flexner  type  changed  to  the  Y  type  when  a  single 
colony  on  plain  agar  plate  was  being  fished  out,  or  vice  versa, 
an  explanation  offered  by  Futaki  and  his  coworkers.  We  can- 
not say  positively  which  was  the  original  type  and  which  the 
variant,  the  Flexner  or  the  Y.  However,  in  view  of  the  fact 
that  the  original  type  can  adsorb  agglutinins  for  itself  as  well 
as  for  the  variant,  whereas  the  variant  can  adsorb  only  its  own 
agglutinins,  it  seems  reasonable  to  consider  the  regular  trans- 
parent colony  as  the  original  type  and  the  irregular  opaque 
colony  as  a  variant.  The  observation  that  the  transparent  type 
repeatedly  threw  off  the  opaque  type  of  colony,  whereas  the 
opaque  colony  usually  produced  colonies  of  its  own  type,  further 
supports  this  claim. 

RELATIONSHIP  BETWEEN  TRANSPARENT  AND  OPAQUE  COLONIES 

Studies  similar  to  those  which  were  undertaken  by  me  with 
typhoid  bacilli,  plating  Bacillus  typhosus  on  1  per  cent  xylose 
agar  media  with  decolorized  China  blue,  were  carried  out  with 
the  so-called  Flexner  type  of  B.  dysenterise.  Subcultures  were 
made  of  stock  cultures  of  Bacillus  dysenterise  on  dextrin  plate; 
each  time,  a  single  colony  was  fished  and  planted  from  the 
single  colony  in  1  per  cent  peptone  water.  Then  from  the 
suspension  of  a  single  colony  1  per  cent  dextrin  plates  were 
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inoculated.  At  the  same  time  a  loopful  of  suspension  was  in- 
oculated into  1  per  cent  dextrin  broth  and  1  per  cent  maltose 
broth,  with  litmus  as  indicator. 

In  the  first  two  or  three  subcultures  two  kinds  of  colonies 
were  obtained  from  the  transparent  colony,  each  representing 
a  different  type  of  Bacillus  dysenterise.  Later  subcultures 
showed  only  one  kind  of  colony.  It  is  evident  that  it  is  possible 
to  obtain  two  kinds  of  colonies  from  the  transparent  type,  but 
not  from  the  opaque  type,  in  a  number  of  subcultures  in  dextrin 
media. 

Plate  1,  figs.  1  to  10,  illustrates  the  experiments  conducted 
with  those  cultures  with  which  it  was  possible  to  obtain  a  transi- 
tion of  the  Flexner  type  of  Bacillus  dysenteries  into  the  Y  type, 
and  vice  versa.  Figure  1  illustrates  the  derivation  of  the  Flex- 
ner type  from  the  Y  type;  in  this  instance  the  variant  was 
constant  and  did  not  revert  to  the  original.  Figure  2  shows 
the  Flexner  type  throwing  off  the  Y  type  and  the  reversion  of 
the  first  variant  to  the  original  type.  The  result  shown  in  fig. 
3  is  similar  to  that  shown  in  fig.  1,  with  the  exception  that  the 
original  culture  corresponded  to  the  Flexner  type.  Figure  4 
is  practically  identical  with  fig.  3.  In  fig.  5  the  original  Flexner 
type  gave  the  Y  variant,  which  again  reverted  to  the  original 
type.  The  experiment  recorded  in  fig.  6  is  a  duplication  of 
that  illustrated  in  fig.  1.  In  fig.  7  the  type  marked  Harris  gave 
off  a  variant  of  the  Y  type.  The  result  illustrated  in  fig.  8  is 
identical  with  that  shown  in  fig.  1.  Figures  9  and  10  show 
similar  results;  in  the  one  case  the  Flexner  type  split  into  the 
Flexner  and  the  Y,  and  in  the  other  the  Y  type  split  into  the 
Y  and  the  Flexner. 

It  can  be  seen  that,  from  the  rather  numerous  collection  of 
strains  of  Bacillus  dysenterise,  at  least  ten  cultures  could  be 
induced  to  split  into  two  distinct  types ;  namely,  the  Y  and  the 
Flexner  types.  The  variants  were  found  rather  constant,  but 
in  two  cases  the  attempt  to  induce  the  variant  to  revert  to 
the  original  culture  was  successful.  All  attempts  to  induce  the 
mannite  nonf ermenters  to  variate  so  as  to  change  their  fermen- 
tative characteristics  were  in  vain. 

SEROLOGICAL  OBSERVATION 

The  following  experiments  were  undertaken  to  determine 
whether  the  transparent  colony  and  the  opaque  colony  differed 
serologically. 
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The  following  materials  were  used  in  the  agglutination  and 
adsorption  tests: 

Salt  solution,  0.85  per  cent  sodium  chloride  per  liter,  its  reac- 
tion adjusted  to  neutral.  It  was  sterilized  in  the  autoclave  at 
15  pounds  pressure  for  fifteen  minutes. 

Monovalent  antidysenteric  sera  of  rabbits,  immunized  against 
strains  of  opaque  colony  and  transparent  colony,  respectively 
(stock  culture  4).  Serum  obtained  from  rabbits  was  inactiv- 
ated at  56°  C.  for  half  an  hour.  The  titer  of  each  serum  was 
1 :  10,000  or  1 :  20,000  for  all  of  the  strains  in  our  collection. 

The  strains  used  were  plated  on  dextrin  plates,  and  each  time 
one  single  colony  was  fished  out  and  transferred  to  a  slant  of 
plain  agar.  After  incubation  overnight,  the  growth  was  emul- 
sified in  0.85  per  cent  sterile  salt  solution  and  used  for  an 
emulsion  in  the  agglutination  tests. 

TECHNIC 

Increasing  dilutions  of  the  serum  were  made  with  0.85  per 
cent  sodium  chloride  solution  that  ranged  from  1 :  50  to  1 :  25,600. 
Half  a  cubic  centimeter  of  each  dilution  was  transferred  to  small 
agglutination  tubes,  and  an  equal  amount  of  bacillary  emulsion 
was  added  to  each  tube  as  well  as  to  a  salt-solution  control. 

The  results  were  recorded  after  two  hours'  incubation  at 
37°  C.  and  again  after  standing  overnight  in  the  refrigerator. 
The  control  never  showed  agglutination. 

AGGLUTINATING  POWER  OF  EACH   SERUM 

There  is  nothing  noteworthy  to  be  stated  about  the  titer  of 
the  sera.  They  had  about  the  same  power  to  agglutinate  either 
the  opaque  type  or  the  transparent  type  of  colony,  with  small 
variation  in  the  titer  of  each  serum  (1:  6,400  or  1:  12,800  dilu- 
tion). Consequently  the  opaque  and  the  transparent  variants 
could  not  be  well  differentiated  by  agglutination  tests. 

ADSORPTION  TEST 

The  adsorption  test  was  carried  out  several  times,  using  many 
and  various  strains  for  the  adsorption  of  both  sera. 

The  materials  and  the  technic  were  the  same  as  those  em- 
ployed in  the  previous  experiments.  The  serum  was  diluted 
to  1 :  50. 

About  three  twenty-four-hour-old  agar  slants  of  the  trans- 
parent type  or  of  the  opaque  type  were  suspended  in  5  cubic 
centimeters  of  0.85  per  cent  salt  solution.     To  5  cubic  centi- 
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meters  of  suspension  of  each  type  were  added  5  cubic  centi- 
meters of  the  corresponding  serum  in  a  dilution  of  1 :  50.  The 
tubes  were  then  incubated  for  three  hours  at  37°  C,  after  which 
they  were  centrifuged  for  half  an  hour  at  high  speed,  and  the 
supernatant  fluid  was  pipetted  off;  this  procedure  was  repeated 
once.  The  diluted  and  the  adsorbed  sera  were  then  made  up 
into  a  series  of  dilutions  with  0.85  per  cent  salt  solution;  0.5 
cubic  centimeter  of  the  suspension  of  a  transparent  type  was 
added  to  each  tube,  and  to  another  series  of  dilutions  0.5  cubic 
centimeter  of  a  suspension  of  an  opaque  type  was  added.  The 
two  series  were  incubated  for  two  hours  at  37"^  C.  and  allowed 
to  stand  overnight  in  the  refrigerator.  The  results  were  read 
before  they  were  placed  in  the  ice  chest,  and  again  the  next 
morning.  The  original  strains  and  the  fresh  unadsorbed  sera 
were  used  as  controls. 

After  adsorption  of  the  sera  by  the  corresponding  type,  it 
was  found  that  practically  all  agglutinins  had  been  removed 
for  the  corresponding  strains. 

The  results  of  the  agglutination  and  adsorption  tests  are  pre- 
sented in  Tables  1  to  3;  in  these  tables  the  following  symbols 
are  used: 

-f-f -f-  =  Complete  agglutination. 
+  +  =  Strong  agglutination. 
-|-  =  Weak  agglutination. 
~  =:  Negative.     No   agglutination. 

The  experiments  discussed  in  this  paper  show  that  all  trans- 
parent colonies  adsorbed  agglutinins  that  were  present  in  the 
corresponding  immune  serum,  both  for  the  transparent  and  for 
the  opaque  colonies.  On  the  other  hand,  none  of  the  opaque 
colonies  adsorbed  agglutinins  for  the  transparent  colonies.  In 
other  words,  the  transparent  colony  corresponding  to  the  Y 
type,  for  instance,  contained  antigen  for  itself  and  for  the 
Flexner  type  variant  with  regard  to  agglutination  and  adsorp- 
tion, whereas  the  Flexner  type  variant  contained  both  antigens, 
as  far  as  agglutination  is  concerned,  but  in  the  adsorption  test 
it  failed  to  adsorb  agglutinin  for  the  transparent  colony ;  namely, 
the  Y  type. 

SUMMARY 

A  procedure  previously  applied  in  experimental  production 
of  variations  in  Bacillus  typhosus  has  been  applied,  with  the 
view  to  a  study  of  artificial  variation  of  Bacillus  dysenterise. 
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Numerous  strains  of  both  the  Shiga  and  the  Flexner  types  were 
subjected  to  this  procedure.  The  purpose  was  to  find  out  how 
far  the  various  types  of  Bacillus  dysenterise  are  constant.  It 
was  found  that  it  is  comparatively  easy  to  produce  variants  of 
the  types  of  Bacillus  dysenteric  that  ferment  mannite.  The 
mannite  nonfermenters  (that  is,  the  Shiga  type)  were  found  to 
be  constant,  in  as  much  as  no  variant  could  be  obtained  that 
would  differ  from  the  original  strain  in  carbohydrate  reactions. 
With  regard  to  the  variations  observed  in  the  mannite-fer- 
menting  group,  the  following  can  be  stated:  In  the  first  place, 
the  cultures  that  were  susceptible  to  variations  on  dextrin  plates 
were  more  or  less  old  laboratory  strains.  Some  other  strains 
that  failed  to  variate  upon  plates  were  susceptible  to  adaptation 
when  grown  in  culture  media  containing  the  particular  carbo- 
hydrate required.  The  variations  obtained  on  the  plates  showed 
distinct  differences  in  shape  and  size  of  the  colony  and  in  the 
reaction  produced  in  the  carbohydrate  contained  in  the  plate 
(that  is,  dextrin)  but  also  in  maltose.  The  typical  colonies 
that  developed  on  the  same  plates  behaved,  as  far  as  these  two 
carbohydrates  are  concerned,  like  the  original  culture.  Conse- 
quently, from  the  biochemical  standpoint,  the  original  uniform 
strain  was  split  into  two  different  strains,  the  original  and 
the  variant,  each  representing  a  different  type  of  B.  dysenteric. 
Serologically,  they  showed  cross  agglutination;  but,  whereas 
the  strain  of  the  typical  colony  adsorbed  agglutinins  for  both 
types,  the  variant  adsorbed  only  its  own  agglutinins,  not  those 
of  the  typical  colonies.  It  is  evident  from  this  observation 
that  one  type  of  Bacillus  dysenteric  can  be  induced  by  artificial 
means  to  change  into  another  type  which  will  behave  biochemi- 
cally and  serologically  differently  from  the  original  strain.  The 
conclusion  from  this  observation  seems  justified  that  the  Shiga 
type  of  Bacillus  dysenteric  is  a  constant  type,  as  far  as  bio- 
chemical characteristics  are  concerned,  but  that  the  mannite 
fermenters  are  subject  to  such  variations  that  one  type  can 
throw  off  a  variant  which  cannot  be  distinguished  from  another 
type  of  Bacillus  dysenteric  of  the  same  group. 

CONCLUSIONS 

As  far  as  can  be  concluded  from  these  experiments  it  appears 
that  the  classification,  grouping,  and  subgrouping  of  Bacillus 
dysenteric  are  not  of  such  importance  as  some  authors  appear 
to  believe.  The  Shiga-Kruse  group,  as  far  as  our  experiments 
are  concerned,  appears  to  be  stable,  in  as  much  as  it  was  impos- 
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sible  to  induce  any  of  the  numerous  cultures  of  this  type  at 
our  disposal  to  ferment  mannite.  In  the  other  main  group, 
however,  which  is  characterized  by  its  ability  to  ferment  man- 
nite, there  appears  to  be  considerable  variability  in  the  fer- 
mentative property  of  certain  carbohydrates  other  than  mannite. 
The  subgrouping  of  the  mannite  fermenters,  therefore,  appears 
to  be  of  little  importance,  and  all  the  members  of  this  main 
group  should  be  considered  as  more  or  less  interchangeable 
variants.  It  appears  therefore  that,  as  of  old,  mannite  is  the 
most  important  differential  carbohydrate  in  the  grouping  of 
dysentery  bacilli. 

Thanks  are  due  to  Dr.  Otto  Schobl,  of  the  Division  of  Biol- 
ogy and  Serum  Laboratory,  Bureau  of  Science,  for  valuable 
assistance  in  carrying  out  this  work. 


ILLUSTRATIONS 

Plate  1.  Transition  of  Bacillus  dysenterue  into  B.  dysenteri^e  Y 

AND   VICE   versa 

Fig.  1.  Bureau  of  Science  stock  culture  No.  4  (Japan)  Y  type. 

2.  Bureau  of  Science  stock  culture  No.  12,  Flexner  type. 

3.  Bureau  of  Science  stock  culture  No.  41,  Flexner  type  (Wilson). 

4.  Bureau  of  Science  stock  culture  No.  50  (No.  118037,  Felisa  Pangan, 

isolated  March  18,  1923). 

5.  Rockefeller  Institute  stock  culture  No.  73,  Flexner  type. 

6.  Rockefeller  Institute  stock  culture  No.  77,  Hiss  Y  type. 

7.  Hygienic    Laboratory,    Washington,   D.    C,    No.    74,    Flexner   type 

Harris. 

8.  Hygienic  Laboratory,  Washington,  D.  C,  No.  78,  Hiss  Y  type. 

9.  Army  Medical  School,  Washington,  D.  C,  No.  75,  Flexner  type  J-6. 
10.  Army  Medical  School,  Washington,  D.  C,  Hiss  Y  type  J-3-B. 
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FiQ.  1.     No.  4,   Buneau  of  Science  stock  cultupe       Fis.  2.     No.l2.  Bupeau  of  Science   stock  cultupe. 
(Japan).   Y   Type.  Flexnep  type. 


Fig.  3.     No.  4l,Bupeau  of  Science  stock  culture.       Fig.  4-.    No.  50,  Bureau   of  Science    stock  culture 
Flexneptype   (Wilson).  (  No.  118037,  Felisa  Pangan.  isolated  Mapch  18,  1923). 


FiQ.  5.    No.  73,  Flexnep  type.  Rockefeller  Institute        Fio.  6.     No.  77,  Hiss  Y  type,  Rockefellep    Institute 
stock  culture.  stock  culture. 


FiG.  7.     No.  74,  Flexner  type    "Harris','  Hygienic        Fia.  8.     No. 78,  Hiss  Y  type,  Hygienic  Laboratopy 
Laboratory,  Washington, D.C.  Washington,  D.  C. 


Fig  9,    No.  75,  Flexner  type  J-6,  Army  Medical  School,        Fi6.  10.    Hiss  Y   type   J-3-B,  Apmy  Medical  School, 
Washington.  D.C.  Washington,  D.  C. 
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ILLICIT  BEVERAGES 

By  R.  T.  Feliciano 
Chemist,  Bureau  of  Science,  Manila 

TWO    PLATES 

When  enforcement  of  the  internal  revenue  law  was  begun 
in  1905  the  vino  industry  in  the  Philippine  Islands  was  ad- 
versely affected;  many  establishments  shut  down  and  the  dis- 
tillers fled  to  the  wilderness  for  the  purpose  of  carrying  on 
illicit  distillation.  Originally  the  manufacture  of  coco  vino  and 
nipa  vino  in  the  Philippines  was  for  local  consumption  only, 
and  was  never  carried  out  on  a  large,  efficient,  modern*factory 
scale.  People  were  indifferent  in  the  forming  of  partnerships 
in  this  work.  The  practice  was  to  use  caua  stills  with  output 
capacities  varying  from  90  to  530  proof  liters  for  twenty-four 
hours.  Each  caua  was  ov^ed  and  operated  by  one  man.  In 
most  cases  this  man  did  not  own  the  fermented  tuba  which 
he  distilled.  Generally  the  owners  of  a  few  hundred  coco 
trees  or  the  holders  of  small  patches  of  nipa  in  a  neighborhood 
distilled  their  tuba  in  the  same  caua,  either  paying  for  its  use 
in  cash  or  giving  the  owner  of  the  still  a  share  of  the  vino 
distilled.  The  product  was  mostly  consumed  locally  or  sold  very 
cheaply  in  the  neighboring  towns.  There  was  very  little  profit ; 
the  industry  simply  gave  easy  employment  to  the  operators. 
However,  with  the  enforcement  of  the  internal  revenue  law 
the  price  of  vino  soared  very  high  and  the  demand  fell  off. 
This  caused  a  panic  among  the  operators,  but  in  a  way  it  helped 
stabilize  the  industry,  for  the  many  caua  stills  which  were  shut 
down  were  eventually  replaced  by  a  few  modern  distilleries 
using  up-to-date  fermentation  processes  and  efficient  distilla- 
tion apparatus.  At  the  same  time  this  period  marked  the 
beginning  of  illicit  distilleries.  To-day  neither  the  extent  nor 
the  prevalence  of  illicit  distillation  is  possible  to  figure,  even 
in  round  numbers.  Nor  is  it  possible  to  calculate  the  quantity 
of  illicit  beverages  produced  yearly,  because  the  number  of 
illicit  stills,  their  capacities  considered  as  actual  operating 
capacities,  and  the  amount  of  illicit  beverages  seized  yearly,  are 
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not  reliable  data  or  indices  for  safe  estimate.  Likewise,  it  is 
impossible  to  tell  whether  or  not  illicit  distillation  is  on  the 
wane.     The  Bureau  of  Internal  Revenue  reports :  ^ 

The  campaign  against  illicit  distilleries  has  been  conducted  with  vigor 
and  satisfactory  results  have  been  obtained.  This  has  been  made  possible 
by  the  allotment  to  this  Bureau  of  the  sum  of  'P35,000  under  the 
Appropriation  Act  for  1923,  which  has  enabled  the  appointment  of  ad- 
ditional secret  service  agents.  During  the  year  under  review  (1923),  96 
illicit  stills  were  captured  by  internal-revenue  agents,  agent's  assistants 
and  secret  service  agents  aided  in  some  cases  by  Constabulary  soldiers, 
municipal  policemen,  and  informers.  Of  this  number,  4  were  captured  in 
Agusan,  5  in  Albay,  1  in  Cagayan,  1  in  Nueva  Ecija,  20  in  Pangasinan, 
38  in  Samar,  13  in  Surigao,  and  14  in  Tayabas.  Besides,  there  were 
discovered  26  cases  of  illicit  possession  of  vino. 

In  his  report  for  the  following  year,  the  Collector  of  Internal 
Revenue  states :  - 

In  1924,  there  were  100  illicit  stills  captured,  and  distributed  by  provinces 
as  follows:  8  captured  in  Agusan,  12  in  Albay,  25  in  Pangasinan,  8  in 
Samar,  41  in  Surigao,  and  6  in  Tayabas.  During  the  year  1922,  85  illicit 
stills  were  apprehended. 

From  the  above  report  it  is  evident  that  it  may  take  many 
years  to  eradicate  illicit  distilling.  Its  complete  suppression  is 
by  no  means  an  easy  task  to  accomplish  in  the  Philippines. 
Incidentally,  any  extension  of  the  Volstead  Act  to  the  Phil- 
ippines would  give  a  great  stimulus  and  renewed  life  to  these 
outlawed  enterprises. 

The  principal  sources  of  material  used  in  the  manufacture 
of  illicit  beverages  are  nipa  and  coco  palms ;  consequently,  illicit 
stills  are  mostly  hidden  near  the  regions  where  these  trees  grow 
in  abundance.  Nipa-palm  swamps  are  found  extensively  in 
Bulacan,  Pangasinan,  Pampanga,  Cagayan,  Capiz,  Surigao,  and 
Samar  Provinces ;  coco  trees  grow  in  abundance  in  Albay,  Ambos 
Camarines,  Laguna,  and  Tayabas  Provinces. 

The  present-day  methods  pursued  in  the  manufacture  of 
illicitly  distilled  beverages  are  very  simple,  crude,  and  insan- 
itary. The  surroundings  of  the  stills  are  very  dirty,  and  the 
pots  and  containers  are  so  unclean  that  the  product  is  highly 
contaminated  with  all  kinds  of  filth.  The  process  of  fer- 
mentation and  distillation  employed  is  very  primitive.  The 
complex  fermentation  is  allowed  to  proceed  unchecked.     The 

*  Annual  Report  of  the  Collector  of  Internal  Revenue,  Manila,  for 
1923    (1924)    20. 

'  Annual  Report  of  the  Collector  of  Internal  Revenue,  Manila,  for  1924 
(in  press). 
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operators  seem  to  have  no  knowledge  of  the  expediency  of  using 
clean  methods  and  pure  yeast  or  of  controlling  the  temperatures. 
In  the  distillation  invariably  the  primitive  caua  type  of  still 
is  used,  of  which  there  are  two  types  of  construction;  namely, 
the  continuous  type  in  which  the  distillate  is  led  to  the  outside 
of  the  cylinder  by  some  mechanical  contrivance,  and  the  inter- 
mittent type  in  which  the  condensate  is  collected  in  a  wooden 
receptable  placed  inside  the  cylinder  directly  under  the  cooling 
head,  or  condenser  caua.  In  the  latter  type  the  operation  must 
be  interrupted  from  time  to  time  in  order  to  collect  the  dis- 
tillate. This  makes  the  method  more  wasteful,  both  in  time 
and  in  yield  of  vino. 

Plate  1  presents  two  rough  sketches  of  stills,  illustrating 
differences  in  the  construction  of  the  two  types. 

Briefly,  the  whole  equipment  consists  of  two  saucer-shaped 
irt)n  pans  termed  cauas,  one  of  which  serves  as  a  boiler  e 
(this  is  sometimes  substituted  by  a  petroleum  can  as  shown  in 
figs.  3  and  4),  and  the  other  as  a  condenser  a;  one  cylinder 
or  distilling  chamber  d;  a  gutter,  or  a  bowl  receptacle  b;  and 
two  or  more  earthen  fermentation  crocks.  The  arrangement  * 
of  the  still  is  the  following : 

A  furnace  /,  usually  circular  in  form,  is  built  of  stones  and 
mud  with  an  open  door  for  stoking  g,  provided  with  no 
smoke  stack,  or,  as  the  case  may  be,  the  fireplace  may  be 
made  of  three  pieces  of  stone  forming  a  tripod  g.  On  top 
of  this  fire  box  is  placed  a  caua  (or  its  substitute,  the  petroleum 
can,  rounded  at  the  open  top),  which  serves  as  a  boiler.  Placed 
on  top  of  this  boiler  is  a  cylinder  of  the  same  diameter,  which 
serves  as  a  distilling  chamber.  This  cylinder  is  open  at  both 
ends,  and  is  usually  made  from  solid  wood  with  walls  about 
2.5  centimeters  thick.  On  rare  occasions  the  cylinder  is  made 
of  earth  and  baked.  On  the  open  top  of  the  cylinder  is  placed 
another  caua  which  is  filled  with  cold  water,  thus  serving  as 
a  condenser.  The  joints  connecting  the  cylinder  to  the  boiler 
and  condenser  are  made  tight  with  mud,  clay,  rags,  or  any 
convenient  material.  In  some  localities  the  caua  used  as  a 
boiler  is  permanently  fastened  to  the  cylinder,  in  which  case 
a  charge  of  wash  may  fill  half  of  the  cylinder  as  well  as  the 
lower  caua. 

The  operation  of  this  still  is  very  simple.  After  the  boiler 
has  been  filled  with  fermented  sap,  the  condenser  filled  with 
cold  water,  and  the  joints  tightly  secured  with  mud  and  rags, 
the  furnace  is  charged  with  heat.     The  vapor  condensing  on 
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the  convex  surface  of  the  upper  caua,  or  condenser,  drops  either 
into  the  inclined  bamboo  gutter,  through  which  it  is  carried 
to  the  receptacle  outside  the  cylinder,  or  into  the  wooden  recep- 
tacle placed  inside  the  cylinder.  In  the  latter  case  the  distilla- 
tion must  be  interrupted  from  time  to  time  in  order  to  gather 
the  distillate  that  collects  in  the  receiver. 

In  both  types  of  still  here  described  the  beverages  usually 
average  a  content  of  about  28  per  cent  absolute  alcohol  by 
volume;  but  sometimes  it  reaches  a  maximum  of  40  per  cent, 
or  80  proof.  This  product  is  rich  in  secondary  products  of 
distillation,  such  as  amyl  alcohol,  other  higher  alcohols,  alde- 
hydes, esters,  and  acids,  which  impart  a  peculiar  odor  and 
taste  to  the  beverage  that  are  prized  very  highly  by  habitual 
drinkers.  In  some  localities  it  is  preferred  to  anisado,  gin, 
or  other  rectified  spirits  of  higher  proof,  for  the  reason  that 
it  produces  a  stronger  physiological  effect,  or  greater  **kick," 
which  is  due  to  the  presence  of  large  amounts  of  higher  al- 
cohols and  aldehydes.  It  is  a  fact  that  only  habitual  heavy 
drinkers  who  have  acquired  a  tolerance  for  such  impurities 
can  take  it  without  any  apparent  bad  after-effect.  Moderate 
drinkers,  accustomed  to  more  refined  spirits,  do  not  like  it 
at  all. 

Table  1  shows  the  analytical  results  of  six  samples  of  illicit 
beverages  seized  from  different  districts.  With  the  exception 
of  figures  for  density,  turbidity,  color,  and  percentage  of  alcohol, 
all  figures  are  expressed  as  grams  per  100  liters  of  100-proof 
spirit.  The  table  shows  the  distinct  variation  in  the  com- 
position of  the  samples  analyzed,  particularly  in  percentages  of 
alcohol,  total  solids,  and  secondary  distillation  products.  The 
samples  are  all  abnormally  high  in  total  solids  and  in  secondary 
distillation  products.  The  abnormality  in  total  solids  and  in 
ash  is  due  to  suspended  contamination,  which  is  unnecessarily 
introduced  by  carelessness  and  unclean  methods;  the  abnor- 
mality in  secondary  distillation  products  is  due  to  primitive 
methods  of  fermentation,  type  of  still,  and  uncontrolled 
distillation. 

Gibbs  and  Holmes  have  shown  that  the  different  fractions 
of  the  same  vat  of  ferment  distilled  by  the  caua  still  contain 
varying  amounts  of  secondary  distillation  products,  and  they 
suggest  a  simple  way  of  removing  a  large  part  of  these  impurities 
without  much  loss  of  alcohol.^     That  the  type  of  still  is  also 

'Philip.  Journ.  Sci.  §  A  7  (1912)  34,  35. 
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partly  responsible  for  so  high  a  percentage  of  volatile  im- 
purities is  readily  seen  when  the  analyses  shown  in  Table  2 
are  compared  with  the  analysis  of  a  sample  described  as  "illicit 
vino  de  coco  distilled  in  a  small  sheet  metal  still  of  simple 
form''  (an  improved  type  of  still)  with  the  mean  composition 
of  the  six  samples  produced  by  caua  stills  and  with  the  nipa 
vino  prepared  by  the  modem  stills.  For  the  purpose  of  com- 
parison, also,  analyses  of  crude  and  rectified  alcohols  are  in- 
cluded in  this  table. 

Table  2. — Maximum  and  minimum  composition  of  six  samples  of  illicit 
beverages,  together  with  analyses  of  crude  and  rectified  alcohols. 


Liquor. 


Illicit      beverages 
samples): 

Maximum 

Minimum 

Mean 

Vino  de  coco  • 

Vino  de  nipa 

Crude  alcohol  • 

Rectified  alcohol •__ 
Rectified  alcohol 


(six 


Turbidity. 


325 
25 
175 


Nil. 


Nil. 
Nil. 


Specific 
gravity 
27.5°  C. 


0.9727 
0.9512 
0.9619 


0.8098 


Color. 


Red,       Yellow. 
2.4  9.0 

0.3  23 


0.1  1.5 


Nil. 


Total 
solids. 


576.48 

30.48 

303.48 

81.2 

333.43 

18.1 

2.2 

2.04 


Ash. 


0- 

95.90 

6.08 

50.99 


Liquor. 


Illicit      beverages 
samples): 

Maximum 

Minimum 

Mean 

Vino  de  coco  * 

Vino  de  nipa 

Crude  alcohol » 

Rectified  alcohol »_. 
Rectified  alcohol... 


(six 


Alcohol. 


Per  cent. 
37.56 
14.18 
25.87 
40.9 
32.48 


96.60 


Higher 

alcohol, 

amyl. 


0- 

442.06 

109.91 

275.98 

38.2 

88.58 

73.3 

34.3 

25.6 


Aldehyde. 


0- 
124.76 
6.19 

65.47 
4.5 

53.65 
8.5 
4.2 
3.00 


Total  acids 
as  sulphur- 
ic acid. 


9* 

526.50 

111.23 

318.86 

127.0 

95.49 

91.0 

3.5 

2.07 


Volatile 
acid  as 
acetic. 


629.56 

141.58 

385.57 

117.0 

113.27 

73.4 

0.9 

1.58 


Esters  a 
ethyl. 


0- 
528.8 
142.0 
335.4 
150 

117.85 
142.0 
90.0 
27.32 


"Analysis  by  Gibbs  and  Holmes;  see  Philip.  Journ.  Sci.  §  A  7   (1912)   81. 

The  analytical  methods  employed  to  obtain  the  results  shown 
in  Tables  1  and  2  are  those  of  the  Official  Agricultural  Chemists,* 
with  the  modifications  suggested  by  Holmes.^ 

The  presence  of  large  amounts  of  undesirable  secondary  dis- 
tillation products  in  illicit  beverages  constitutes  an  important 


*U.  S.  Dept.  Agr.  Bur.  Chem.  Bull.  107   (1906)   98. 
■Philip.  Journ.  Sci.  §  A  5  (1910)  23. 
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factor  to  be  considered  in  the  use  of  this  primitive  caua  type 
of  still  for  the  manufacture  of  alcoholic  liquors.  It  is  true  that 
habitual  drinkers  develop  a  certain  degree  of  tolerance  for 
such  impurities  and  that  a  question  still  exists  as  to  the  harm- 
fulness  of  comparatively  large  amounts  of  higher  alcohols,  acids, 
and  esters  in  beverages;  nevertheless,  it  is  imperative,  in  view 
of  these  uncertainties,  that  measures  to  protect  the  health  of 
the  people  be  established  at  this  time.  This  may  best  be  ac- 
complished by  laying  down  a  maximum  limit  of  impurities 
allowable,  this  limit  to  be  derived  from  chemical  analyses  of 
distillates  taken  from  modern  plants  equipped  with  rectifying 
apparatus. 

SUMMARY 

1.  Uncontrolled  spontaneous  fermentation  is  the  general 
method  employed  by  illicit  distillers  and  accounts  for  the  pres- 
ence of  abnormally  high  percentages  of  secondary  fermenta- 
tion products  in  the  liquors. 

2.  Illicit  beverages  as  manufactured  in  different  localities  vary 
in  chemical  composition  and  in  flavor. 

3.  Due  to  the  high  percentages  of  higher  alcohols,  aldehydes, 
acids,  and  other  impurities  found  in  beverages  produced  by  the 
present  primitive  caua  method,  which  are  known  to  be  harmful 
to  health,  it  is  recommended  that  the  use  of  this  type  of  still 
for  the  manufacture  of  beverages  be  prohibited  in  the  Philippines. 

4.  All  distilleries  producing  alcohol  for  beverage  purposes 
should  be  required  to  produce  an  alcohol  containing  not  more 
than  the  following  quantities  of  impurities,  expressed  as  grams 
per  100  liters  of  100  proof  spirits : 

Higher   alcohols  35.0 

Aldehydes  6.5 

Esters  113.0 

Total  acidity  5.4 

Total  solids  in  solution  2.6 

Total  solids,  suspended  0.0 

CONCLUSIONS 

1.  That  the  method  employed  by  illicit  distillers  and  others 
in  the  use  of  the  present  caua  type  for  the  production  of  alcohol 
for  beverage  purposes  is  primitive,  insanitary,  and  contrary  to 
good  distillery  practice. 

2.  That  the  sale  of  products  from  distilleries  of  this  type 
containing  high  percentages  of  secondary  distillation  products 
should  be  prohibited. 


ILLUSTRATIONS 

Plate  1 

Fig.  1.  Illicit  still,  continuous  type;  a,  condenser  caua;  b,  gutter;  c,  spirit 
outlet;  d,  cylinder;  e,  boiler;  /,  furnace;  g,  stoking,  open  door. 

2.  Same  as  in  fig.  1,  showing  the  still  ready  for  use. 

3.  Illicit  still,  intermittent  type;  a,  condenser  caua;  b,  receptacle;  c, 

bamboo  stick  to  hold  the  receptacle;  d,  earthen  cylinder;  e,  pe- 
troleum can  as  boiler;  /,  adobe  support  of  the  furnace;  g,  fire- 
place. 

4.  Same  as  in  fig.  3,  showing  the  still  ready  for  use. 

Plate  2 

Fig.  1.  Continuous  type  of  caua  still,  in  actual  operation.  The  man 
standing  on  the  right  is  seen  putting  cold  water  into  the  upper 
caua  by  means  of  a  bucket  hoisted  on  a  long  pole.  The  dis- 
tillate is  carried  to  the  receptacle  by  a  bamboo  tube. 

2.  Intermittent  type  of  caua  still,  in  actual  operation.     The  boiler  is 

made  of  a  petroleum  can,  and  the  cylinder  of  kiln  clay.  Two 
earthen  crocks  for  fermentation  and  two  demijohns  for  the  dis- 
tillates are  clearly  seen  in  the  foreground. 

3.  Exterior  view  of  a  typical  illicit  distillery.     Perfectly  camouflaged 

as  shown  in  the  picture,  and  widely  distributed  over  vast  regions. 
Is  it  any  wonder  that  only  a  few  are  detected  every  year? 
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ADDITIONS  TO  OUR  KNOWLEDGE  OF  THE  PHILIPPINE 

FLORA,  II  ^ 

By  Elmer  D.  Merrill 
Of  the  University  of  California,  Berkeley 

ONE    PLATE 

In  the  present  contribution  twenty-eight  species  and  one 
variety  are  described)  as  new,  as  well  as  two  proposed  new 
genera  of  the  Rubiacese,  Boholia  and  Sulitia.  Schizoloma  cor- 
datum  Gaudich.  is  credited  to  the  Philippines  for  the  first  time, 
as  also  are  representatives  of  the  genera  Melientha,  Potentilla, 
and  Pimpinella.  The  paper,  in  large  part,  is  based  on  material 
collected  in  Bohol,  August  to  September,  1923,  by  Maximo 
Ramos,  which  I  have  just  had  an  opportunity  of  studying.  The 
types  of  Potentilla  philippinensis  and  Pimpinella  pinetorum  are 
deposited  in  the  herbarium  of  the  University  of  California;  but 
the  types  of  the  other  species  herein  described  belong  to  the 
herbarium  of  the  Bureau  .of  Science,  although  isotypes  have 
been  deposited  in  the  herbarium  of  the  University  of  California. 
So  far  as  additional  duplicates  are  available,  representative 
material  will  be  sent  to  several  of  the  larger  European  and 
American  herbaria. 

POLYPODIACE^ 
Genus  SCHIZOLOMA  Gaudichaud 
Schizoloma  cordatum  Gaudich. 

Schizoloma  cordatum  Gaudich.     in  Ann.   Sci.   Nat.   3    (1824)    607; 
Bot.  Freyc.  Voy.  (1826)  279,  t.  16, 

BoHOL,  Dimiao,  Bur.  Sci.  4^3013  Ramos,  September  20,  1923, 
on  dry  forested  slopes,  altitude  about  300  meters. 

This  is  the  first  record  of  the  species  for  the  Philippines, 
it  being  of  rare  occurrence  in  the  Malay  Archipelago.  The 
identification  is  by  Dr.  E.  B.  Copeland.  The  species  is  of  in- 
terest as  being  the  type  of  the  genus  Schizoloma  Gaudichaud 

'For  the  first  paper  of  this  series  see  Philip.  Joum.  Sci.  26  (1925) 
447-496. 
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and  of  the  genus  Schizolepton  Fee.  In  texture  and  in  general 
appearance,  except  for  its  strictly  marginal  sori,  it  is  remark- 
ably suggestive  of  Taenitis. 

PANDANACE^ 
Genus  PAOT)ANTJS  Linnaeus 

Pandanus  patellifonnis  sp.  no  v.  §  Rykia.     Plate  1. 

Frutex  erectus,  trunco  circiter  6  cm  diametro ;  f oliis  coriaceis, 
circiter  2.5  m  longis,  10  cm  latis,  acuminatis,  dentibus  nume- 
rosis,  adscendentibus,  acuminatis,  rigidis,  1  ad  1.5  mm  longis; 
infructescentiis  lateralibus,  circiter  33  cm  longis,  pedunculis  20 
cm  longis,  bracteis  numerosis  lanceolatis  acuminatis  circiter  14 
cm  longis  3-seriatis  imbricatis  plus  minusve  navicularibus  fe- 
rentibus;  syncarpia  circiter  14,  spicate  disposita,  conferta,  im- 
bricata,  recte  3-seriata,  concavo-convexa,  i.  e.  patelliformia,  5 
ad  8  cm  diametro,  2  ad  3  cm  crassa,  in  ambitu  suborbicularia ; 
drupae  numerosissimae,  connatae,  apice  5-angulatae,  3  ad  4  mm 
diametro,  stylo  rigido  curvato  circiter  3  mm  longo  terminato. 

BOHOL,  Kalingohan,  Bu7\  Sci.  ^3151  Ramos,  August,  1923, 
on  rocky  forested  slopes,  altitude  about  600  meters. 

A  most  remarkable  species,  distinguished  from  all  its  con- 
geners by  its  densely  imbricate,  concavo-convex  (that  is,  thickly 
patelliform)  syncarps  which  are  orbicular,  more  rarely  obovate 
in  outline,  and  which  vary  from  5  to  8  cm  in  diameter.  The 
uppermost  two  or  three  are  much  smaller  than  the  others,  and 
are  rather  obovoid,  scarcely  compressed. 

FAGACE^ 
Genus  QUERCUS  Tournefort 

Quercus  boholensis  sp.  nov.  §  Pasania. 

Arbor  circiter  10  m  alta,  ramulis  foliisque  subtus  minute 
obscureque  puberulis;  f oliis  chartaceis,  oblongis,  in  siccitate 
pallidis,  nitidis,  subtus  pallidioribus,  integris,  10  ad  17  cm  longis, 
3  ad  5  cm  latis,  tenuiter  acuminatis,  basi  acutis  ad  subrotun- 
datis,  nervis  primariis  utrinque  15  ad  20,  subtus  perspicuis, 
arcuato-anastomosantibus ;  petiolo  circiter  7  mm  longo;  infruc- 
tescentiis paniculatis,  circiter  15  cm  longis,  ramis  primariis 
usque  ad  10  cm  longis,  leviter  puberulis ;  cupula  pedicello  crasso 
circiter  2.5  mm  longo  insidente,  ferrugineo-puberula,  circiter 
1  cm  alta,  truncata,  squamis  obscure  zonatis,  numerosis,  api- 
cibus  liberis,   induratis,  plerumque  reflexis,  angustis,  obtusis, 
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rigidis,  circiter  1  mm  longis;  glans  ovoidea,  circiter  1.8  cm 
longa,  1.5  cm  diametro,  conica,  puberula,  dimidia  in  cupula 
immersa. 

BOHOL,  Bilar,  Bur.  Sci.  43350  Ramos,  September,  1923,  in 
damp  forests,  altitude  about  600  meters. 

A  species  well  characterized  by  its  acorns  being  about  one- 
half  immersed  in  the  cups,  the  cups  armed  with  the  numerous, 
short,  spreading  or  recurved  tips  of  the  scales. 

OPILIACE^ 
Genus  MELIENTHA  Pierre 

Melientha  acuminata  sp.  nov. 

Arbor  circiter  10  m  alta,  glabra,  ramis  teretibus,  ramulis  te- 
nuibus,  circiter  1.5  mm  diametro,  viridibus;  foliis  chartaceis, 
in  siccitate  viridibus,  fragilis,  oblongis,  perspicue  acute  acumi- 
natis,  basi  acutis  vel  acuminatis,  9  ad  13  cm  longis,  3.5  ad 
5  cm  latis,  utrinque  verruculosis,  nervis  primariis  utrinque  cir- 
citer 5,  tenuibus,  curvato-adscendentibus,  vix  anastomosantibus ; 
petiolo  3  ad  5  mm  longo;  infructescentiis  minute  puberulis,  e 
truncis  vel  ramis  vetustioribus,  paniculatis,  12  ad  20  cm  longis, 
ramis  primariis  crassis,  inf erioribus  usque  ad  9  cm  longis ;  f rue- 
tibus  ellipsoideis,  2.5  ad  3  cm  longis,  circiter  2  cm  diametro,  in 
siccitate  pallide  flavidis,  brevissime  crasseque  pedicellatis. 

Mindanao,  Cotabato  Province,  Port  Lebak,  For.  Bur.  2H35 
M.  Sulit,  April  29,  1923,  in  deep  soil  on  forested  slopes  at  low 
altitudes. 

On  the  first  examination  I  placed  this  in  Champereia  on  ac- 
count of  its  vegetative  characters  approximating  those  of 
Champereia  manillana  (Blume)  Merr.;  but  after  a  more  critical 
study  of  it  I  am  convinced  that  it  belongs  in  the  genus  Melientha^ 
previously  a  monotypic  genus  known  from  Indo-China  and  Siam. 

LORANTHACE^ 
Genus  GmALLOA  Korthals 
Ginalloa  platyphylla  sp.  nov. 

Frutex  parasiticus,  glaber,  ramulis  tenuibus,  teretibus,  cir- 
citer 1  mm  diametro ;  foliis  coriaceis,  rigidis,  ovatis  ad  oblongo- 
ovatis,  acuminatis,  basi  acutis  3-  vel  obscure  5-nerviis,  5  ad  9  cm 
longis,  2  ad  5  cm  latis,  in  siccitate  minutissime  verruculosis, 
nitidis,  olivaceo-brunneis,  petiolo  vix  3  mm  longo;  spicis  axilla- 
ribus  terminalibusque,  solitariis  binis  vel  trinis,  tenuibus,  5  ad 
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15  cm  longis,  internodiis  2  ad  5  mm  longis;  fructibus  ovoideis 
vel  ellipsoideis,  4  ad  6  mm  longis. 

BOHOL,  Bilar,  Bur.  Sci.  43226  Ramos,  September  29,  1923,  on 
trees  in  forests,  altitude  about  600  meters. 

A  species  distinguished  from  both  Ginalloa  cumingiana 
P.-Vill.  and  G.  lanceolata  C.  B.  Rob.  by  its  much  broader  leaves, 
which  attain  a  maximum  of  5  cm  in  width. 

AMARANTHACE^ 
Genus  CYATHTJIA  Loureiro 

Cyathula  lancifolia  Merr.  var.  stenophylla  Merr.  var.  nov. 

A  typo  differt  foliis  angustioribus,  lineari-lanceolatis,  usque 
ad  4  cm  longis,  vix  5  mm  latis. 

BOHOL,  Valencia,  Bur.  Sci.  48351  Ramos,  October,  1923,  in 
damp  forests,  altitude  about  600  meters. 

ARISTOLOCHIACE^ 
Genus  ARISTOLOCHIA  Tournefort 

Aristolochia  ramosii  sp.  nov. 

Suffruticosa,  scandens,  foliis  subtus  minutissime  puberulis 
exceptis  glabra,  ramis  circiter  2  mm  diametro ;  foliis  chartaceis, 
oblongo-ovatis,  in  siccitate  viridibus  vel  pallide  olivaceis,  opacis 
vel  nitidis,  9  ad  15  cm  longis,  4.5  ad  7  cm  latis,  sursum  gra- 
datim  angustatis,  tenuiter  acute  acuminatis,  basi  late  rotundato- 
cordatis,  lobis  rotundatis,  brevibus,  vix  1  cm  longis,  nervis 
basalibus  5,  exterioribus  brevibus,  omnibus  distinctis;  inflores- 
centiis  axillaribus,  brevibus,  paucifloris;  floribus  circiter  4  cm 
longis,  tubo  basi  inflato,  2  cm  longo,  sursum  angustato,  vix  2 
mm  diametro,  apice  ampliato,  labio  oblongo,  rotundato,  apicu- 
lato,  deorsum  leviter  angustato,  2  cm  longo;  capsulis  obovoideis 
ad  oblongo-obovoideis,  circiter  3  cm  longis,  stipitibus  1.5  ad 
2  cm  longis,  sursum  incrassatis. 

BOHOL,  Kalingohan,  Bur.  Sci.  43375  Ramos,  August,  1923,  on 
rocky  forested  slopes,  altitude  about  300  meters;  flowers  green 
and  dark  purple. 

A  species  probably  most  closely  allied  to  Aristolochia  gaudi- 
chaudii  Duchart.  of  Rawak,  but  with  slenderly  and  sharply 
acuminate  leaves  and  larger  flowers.  The  very  broad  basal 
sinus  is  but  1  cm  or  less  in  depth,  the  basal  lobes  very  broadly 
rounded.  The  leaves  are  widest  across  the  basal  lobes,  thence 
tapering  gradually  upward  to  the  conspicuously  acuminate 
apices. 
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ANONACE^ 
Genus  PAPTJALTHIA  Diels 

Papualthia  boholensis  sp.  nov. 

Arbor  parva,  circiter  8  m  alta,  ramulis  et  foliis  subtus  ad 
costa  nervisque  et  fructibus  dense  ferrugineo-pubescentibus, 
ramulis  teretibus,  3  ad  4  mm  diametro ;  foliis  coriaceis,  oblongis 
ad  late  oblongo-oblanceolatis,  in  siccitate  pallide  brunneis,  20  ad 
45  cm  longis,  7.4  ad  14  cm  latis,  sessilibus,  vel  brevissime 
crasseque  petiolatis,  apice  abrupte  breviter  acuminatis,  basi 
leviter  inaequilateralibus,  rotundatis,  subcordatis,  supra  glabris, 
nitidis,  subtus  ad  costa  nervisque  dense  ferrugineo-pubescen- 
tibus; nervis  primariis  utrinque  circiter  13,  subtus  valde  pers- 
picuis,  elevatis,  laxe  arcuato-anastomosantibus,  distantibus, 
reticulis  laxis,  perspicuis;  floribus  salmonis,  axillaribus,  soli- 
tariis,  1.5  ad  2  cm  longis,  tenuiter  pedicellatis,  pedicellis 
pubescentibus,  3  ad  4  cm  longis ;  sepalis  triangulari-ovatis,  leviter 
pubescentibus,  concavis,  obtusis,  circiter  4  mm  longis;  petalis 
oblongis,  coriaceis,  1.5  ad  2  cm  longis,  obtusis,  extus  adpresse 
cinereo-pubescentibus,  intus  glabris  vel  in  partibus  superioribus 
leviter  pubescentibus,  subaequalibus,  omnibus  basi  (circiter 
3  mm)  connatis;  fructibus  stipitatis,  dense  ferrugineo-pubes- 
centibus, globosis  ad  subellipsoideis,  1  ad  1.5  cm  longis. 

BOHOL,  Valencia,  Bur.  Sci.  4^3095  (type),  43H7  Ramos, 
October,  1923,  in  damp  forests,  altitude  300  to  600  meters. 

Among  the  few  Philippine  species  with  large  leaves  the  pres- 
ent one  is  easily  distinguishable  by  its  ferruginous  indumentum. 

Genus  OROPHEA  Blume 

Orophea  dolichocarpa  sp.  nov. 

Arbor  parva,  partibus  junioribus  adpresse  ferrugineo-pubes- 
centibus, ramis  teretibus,  glabris,  lenticellatis,  ramulis  circiter 
1.5  mm  diametro;  foliis  chartaceis,  ellipticis  ad  oblongo-ovatis, 
5  ad  11  cm  longis,  3  ad  5.5  cm  latis,  acutis  vel  breviter  acumi- 
natis, basi  plerumque  rotundatis,  in  siccitate  pallide  brunneis, 
nitidis,  utrinque  glabris  vel  junioribus  subtus  leviter  adpresse 
pubescentibus,  nervis  lateralibus  utrinque  circiter  7,  perspicuis, 
curvatis;  petiolo  3  ad  5  mm  longo;  inflorescentiis  axillaribus 
extra-axillaribusque,  plus  minusve  pubescentibus,  circiter  1  cm 
longis,  ut  videtur  paucifloris,  bracteis  persistentibus,  oblongo- 
ovatis,  circiter  2  mm  longis ;  floribus  ignotis ;  fructibus  elongatis, 
in  siccitate  nigris,  4  ad  10  cm  longis,  circiter  8  mm  diametro, 
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glabris,  apice  rostratis,  seminibus  2  ad  6,  inter  seminibus  plus 
minusve  constrictis. 

BOHOL,  Kalingohan,  Bur.  Sci.  ^3211  Ramos,  August,  1923,  in 
forests,  altitude  about  600  meters. 

A  species  remarkable  for  its  greatly  elongated  fruits,  which 
attain  a  maximum  length  of  10  cm,  and  which  are  distinctly 
constricted  between  the  rather  large  seeds. 

ROSACEA 
Genus  POTENTILLA  Linnaeus 

Potentilla  philippinensis  sp.  nov.  §  Leptostylae,  Anserinae. 

Species  P.  parvulae  Hook.  f.  afRnis,  differt  foliis  brevio- 
ribus,  foliolis  paucioribus,  7  ad  15,  profunde  lobatis,  staminibus  5. 

Perennial,  densely  tufted,  5  to  10  cm  high,  the  roots  stout, 
stems  short,  1  to  3  cm  in  length,  simple,  densely  covered  with 
the  numerous  crowded  leaves,  the  petioles,  stipules,  rachis,  and 
leaflets  beneath  conspicuously  white  silky  pilose,  the  hairs  up 
to  3  mm  in  length.  Leaves  simply  pinnate,  2  to  6  cm  long,  the 
leaflets  sessile,  4  to  7  mm  long,  ovate,  green  on  both  surfaces, 
the  upper  surface  with  scattered  long  hairs,  the  lower  surface 
with  similar  but  more  copious  indumentum  especially  on  the 
midrib,  deeply  pinnately  lobed,  the  lobes  or  teeth  extending 
halfway  to  the  midrib,  oblong-ovate,  acute;  stipules  adnate  to 
the  short  petioles,  membranaceous,  the  free  parts  oblong,  about 
3  mm  long.  Peduncles  at  anthesis  1  to  3  cm  long,  silky  villous, 
1-flowered,  in  age  elongated  and  up  to  7  cm  in  length.  Flowers 
yellow,  5  to  6  mm  in  diameter,  5-merous,  the  bracts  elliptic, 
rounded,  more  or  less  villous,  3  mm  long.  Sepals  as  long  as 
the  bracts,  lanceolate  to  oblong-lanceolate,  acute,  silky  ciliate. 
Petals  narrowly  obovate,  rounded  or  obtuse,  4  mm  long.  Sta- 
mens 5,  the  filaments  scarcely  1  mm  in  length.  Carpels 
numerous,  glabrous.     Torus  densely  villous. 

Luzon,  Benguet  Subprovince,  Mount  Pulog,  Mrs.  M.  S.  Cle- 
mens 5006,  February,  1925,  altitude  about  2,800  meters,  seen 
in  only  one  place  on  an  old  trail  in  the  summit  grasslands, 
associated  with  Schoenus. 

The  first  representative  of  the  genus  to  be  found  in  the 
Philippines  and  manifestly  most  closely  allied  to  Potentilla 
parvula  Hook,  f.,  which  is  known  only  from  Mount  Kinabalu 
in  British  North  Borneo. 
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RUTACE^ 
Genus  LUNASIA  Blanco 

Limasia  pubifolia  sp.  nov. 

Species  L.  mollis  afRnis,  differt  foliis  multo  majoribus,  usque 
ad  45  cm  longis  et  17  cm  latis,  nervis  primariis  magis  nume- 
rosis,  utrinque  circiter  20. 

A  small  tree  about  4  meters  high,  the  younger  parts,  branches, 
petioles,  inflorescences,  and  leaves,  especially  on  the  lower  sur- 
face, conspicuously  and  minutely  stellate-pubescent,  not  lepidote, 
the  indumentum  pale  to  subferrugineous.  Ultimate  branches 
up  to  1  cm  in  diameter,  somewhat  angled,  the  branchlets  very 
densely  stellate-pubescent.  Leaves  subcoriaceous,  oblong,  pale 
green  when  dry,  35  to  45  cm  long,  14  to  17  cm  wide,  shining, 
apex  and  base  broadly  rounded,  the  upper  surface  more  or 
less  stellate-pubescent,  the  indumentum  scattered  on  the  pa- 
renchyma, dense  on  the  midrib  and  lateral  nerves,  somewhat 
more  densely  pubescent  beneath  than  on  the  upper  surface; 
lateral  nerves  about  20  on  each  side  of  the  midrib,  very  prom- 
inent, the  primary  reticulations  rather  lax,  subparallel;  pe- 
tioles densely  stellate-pubescent,  10  to  15  cm  long,  stout; 
infructescences  axillary,  narrowly  paniculate,  10  to  15  cm  long, 
the  primary  branches  0.5  to  3  cm  long,  all  parts  uniformly 
and  densely  stellate-pubescent.  Capsules  8  to  10  mm  long, 
obliquely  subtruncate,  shortly  and  stoutly  rostrate,  densely 
stellate-pubescent. 

BOHOL,  Kalingohan,  Bur.  Sci.  ASS58  Ramos,  August  20,  1923, 
on  rocky  forested  slopes,  altitude  about  300  meters. 

This  has  the  large  leaves  of  Lunasia  macrophylla  Merr.,  but 
the  indumentum  of  L.  mollis  Merr.  The  leaves  are  entire  or 
very  obscurely  undulate  in  the  upper  part. 

CELASTRACE^ 
Genus  GIYPTOPETALTTM  Thwaites 

Glyptopetalum  acuminatissimum  sp.  nov. 

Frutex  glaber,  circiter  2  m  altus,  ramis  ramulisque  pallidis, 
ramulis  compressis,  2  ad  2.5  mm  diametro;  foliis  lanceolatis 
ad  oblongo-lanceolatis,  in  siccitate  pallidis,  utrinque  nitidis, 
laevis,  15  ad  23  cm  longis,  4  ad  7  cm  latis,  firmiter  chartaceis 
ad  subcoriaceis,  basi  rotundatis,  sursum  angustatis,  longissime 
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caudato-acuminatis,  margine  deorsum  integris,  sursum  distanter 
irregulariter  denticulatis ;  nervis  primariis  utrinque  circiter  10, 
distantibus,  baud  perspicuis,  obscure  arcuato-anastomosantibus, 
reticulis  primariis  obscuris,  laxissimis,  secondariis  obsoletis  vel 
subobsoletis ;  petiolo  circiter  5  mm  longo;  cymis  axillaribus 
terminalibusque,  depauperatis,  sub  fructu  2  ad  3  cm  longis; 
fructibus  depresso-globosis,  1.5  ad  2  cm  diametro,  4-locellatis, 
seminibus  subellipsoideis,  nigris,  1  cm  longis. 

Luzon,  Isabela  Province,  Bical,  For.  Bur.  29S73  Azurin, 
March  23,  1923,  in  forests,  altitude  about  100  meters,  its  Ilocano 
name  recorded  as  guisguis.     Fruit  round  and  red  when  fresh. 

A  species,  in  spite  of  its  short  cymes,  belonging  in  the  same 
general  group  as  Glyptopetalum  marivelense  Merr.  and  G. 
euphlebium  Merr.,  characterized  by  its  large,  slenderly  caudate- 
acuminate  leaves. 

UMBELLIFER^ 

Genus  PDIPINELLA  Linnseus 

Pimpinella  pinetorum  sp.  nov. 

Herba  15  ad  30  cm  alta,  perspicue  crispulo-ciliato-hirsuta ; 
foliis  radicalibus  pinnatis,  4  ad  8  cm  longis,  foliolis  5  ad  7, 
late  ovatis  ad  suborbicularis,  chartaceis,  viridibus,  1  ad  1.5  cm 
diametro,  late  fotundatis,  basi  cordatis  ad  truncatis,  margine 
dentatis,  utrinque  perspicue  ciliato-hirsutis ;  foliis  caulinis  2  ad 
3  cm  longis,  pinnatifidis  vel  bipinnatifidis,  segmentis  paucis, 
linearis,  rigidis,  3  ad  8  mm  longis,  hirsutis;  unbellis  longe 
pedunculatis,  2.5  ad  6  cm  diametro,  radiis  circiter  6,  tenuibus, 
hirsutis,  1  ad  3  cm  longis,  bracteis  linearis,  2  ad  6  mm  longis, 
umbellulis  5-  ad  10-floris,  hirsutis,  pedicellis  1.5  ad  2  mm 
longis,  sub  fructu  usque  ad  4  mm  longis,  bracteolis  linearis,  1 
ad  2.5  mm  longis;  floribus  parvis,  albidis,  petalis  ovatis  ad 
oblongo-ovatis,  abrupte  longe  acuminatis,  inflexis ;  fructibus 
circiter  2  mm  longis,  ovatis,  leviter  compressis,  parce  minuteque 
adpresse  hirsutis,  stylis  persistentibus  vix  1  mm  longis. 

Luzon,  Benguet  Suprovince,  Mount  Pulog,  Mrs,  M,  S,  Cle- 
mens 5059,  February,  1925,  rather  abundant  in  places  along 
trails  in  the  pine  forest,  altitude  about  2,000  meters.  Also  rep- 
resented by  Bur.  Sci.  H918  Ramos  &  Edano,  from  the  same 
locality.  Probably  also  represented  by  Merrill  HI  5  in  the  Bu- 
reau of  Science  herbarium,  from  the  same  general  region,  orig- 
inally identified  as  Oenanthe  sp. 
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The  first  representative  of  the  genus  to  be  recorded  from 
the  Philippines,  belonging  in  the  group  with  Pimpinella  saxi- 
fraga  Linn.,  and  in  all  probability  most  closely  allied  to  P. 
niitakayamensis  Hayata  of  Formosa,  from  which  it  is  at  once 
distinguishable  by  its  indumentum. 

EBENACE^ 
Genus  DIOSPYROS  Linnaeus 
Diospyros  tenuipes  sp.  nov. 

Arbor  circiter  10  m  alta,  partibus  junioribus  plus  minusve 
longe  ciliatis,  ramis  ramulisque  tenuibus,  ramis  glabris, 
ramulis  pubescentibus  et  pilis  longis  patulis  ferentibus;  foliis 
variabilis,  chartaceis  ad  subcoriaceis,  oblongo-ellipticis  ad  late 
lanceolatis,  4  ad  15  cm  longis,  2  ad  4  cm  latis,  basi  late  rotun- 
datis,  cordatis,  apice  obtusis,  acutis,  vel  acute  acuminatis,  in 
siccitate  olivaceis,  nitidis,  subtus  pallidioribus,  vetustioribus 
glabris  junioribus  utrinque,  praesertim  ad  costa,  pilis  longis 
sparsis  ferentibus,  nervis  utrinque  10  ad  15,  tenuibus,  indis- 
tinctis;  petiolo  vix  3  mm  longo,  piloso;  fructibus  solitariis, 
longe  pedunculatis,  in  axillis  superioribus,  ovoideis,  circiter  2,5 
cm  longis,  parce  ciliatis,  in  siccitate  nigris,  seminibus  paucis, 
oblongo-ovatis,  compressis,  circiter  1  cm  longis,  nigris,  albumine 
aequabile;  sepalis  persistentibus  late  ovatis,  acutis,  parce  ci- 
liatis, circiter  3  mm  longis ;  pedunculo  5  cm  longo,  tenui. 

Luzon,  Cagayan  Province,  Bawa  Barrio,  Gonzaga,  For.  Bur, 
29.lfS2  Salazar,  July  23,  1923,  in  primary  forests  at  low  altitudes. 

A  species  strongly  characterized  by  its  variable,  cordate, 
short-petioled  leaves,  its  ciliate  indumentum,  and  especially  by 
its  long  and  slenderly  peduncled  fruits.  It  apparently  has 
no  close  ally  among  the  known  Philippine  forms  of  this  genus. 

APOCYNACE^ 

Genus  TABERNAEMONTANA  Linnseus 

Tabemaemontana  brachybotrys  sp.  nov. 

Frutex  glaber,  circiter  2  m  altus,  ramulis  compressis,  2.5  ad 
4  mm  diametro ;  foliis  chartaceis,  in  paribus  leviter  inaequalibus, 
olivaceis,  nitidis,  subtus  pallidioribus,  ellipticis  ad  oblongo- 
ellipticis,  11  ad  23  cm  longis,  5  ad  10  cm  latis,  breviter  acute 
acuminatis,  basi  acutis  ad  decurrento-acuminatis,  nervis  pri- 
mariis  utrinque  10  ad  12,  curvatis,  distinctis,  vix  vel  obscure 
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anastomosantibus ;  petiolo  5  ad  12  mm  longo;  inflorescentiis 
stride  axillaribus,  brevibus,  plerumque  multifloris,  breviter  pe- 
dunculatis,  1.5  ad  3  cm  longis,  ramis  primariis  inter dum 
elongatis,  cicatricibus  multis  instructis;  floribus  albidis  (im- 
maturis),  pedicellis  sursum  incrassatis,  usque  ad  8  mm  longis, 
corollae  tubo  saltem  11  mm  longo;  sepalis  late  ovatis,  obtusis 
ad  rotundatis,  2  mm  longis,  intus  ad  basin  glandulis  2  vel  3 
minutis  oblongis  instructis;  antheris  2  mm  longis;  foUiculis  3.5 
cm  longis,  2  cm  diametro,  falcatis,  apice  abrupte  apiculatis; 
seminibus  numerosis. 

BOHOL,  Bilar  and  Dimiao,  Bur,  Sci.  JfSlSJf,  hS257  (type), 
U2S5U  Ramos,  September  and  October,  1923,  in  damp  forests, 
altitude  300  to  600  meters. 

In  vegetative  characters  somewhat  resembling  Tabernaemon- 
tana  subglobosa  Merr.,  but  differing  totally  in  its  inflorescence, 
floral,  and  fruit  characters.  It  belongs  in  the  group  with  T, 
pandacaqui  Voir,  but  is  remote  from  the  latter  species.  It  ivS 
especially  characterized  by  its  unusually  short,  mostly  many- 
flowered  inflorescences. 

Genus  STROPHANTHUS  de  Candolle 

Strophanthus  letei  sp.  nov. 

Species  S,  cumingii  affinis,  differt  floribus  minoribus,  filamentis 
glabris.  Frutex  erectus  vel  subscandens,  circiter  3  m  altus, 
glaber,  ramulis  teretibus,  lenticellatis ;  f oliis  chartaceis,  oblongis 
ad  oblongo-ellipticis,  8  ad  13  cm  longis,  3  ad  5  cm  latis,  olivaceis, 
breviter  acuminatis,  basi  acutis,  nervis  utrinque  6  ad  8,  pers- 
picuis;  cymis  paucifloris,  bracteis  lanceolatis,  acuminatis,  4  mm 
longis;  floribus  albis,  sepalis  lanceolatis,  tenuiter  acuminatis,  4 
mm  longis;  corollae  tubo  10  ad  12  mm  longo,  sursum  ampliato, 
lobis  basi  5  mm  latis  et  circiter  10  mm  longis,  tenuiter  caudatis, 
Cauda  4  ad  6  cm  longa;  filamentis  glabris,  antheris  2.5  mm 
longis,  longissime  (8  ad  9  mm)  tenuiter  caudatis;  carpellis  gla- 
bris, stylo  6  mm  longo,  glabro;  folliculis  sublignosis,  valvis 
lanceolatis  15  ad  17  cm  longis,  circiter  4  cm  latis,  sursum  an- 
gustatis,  apice  acutis. 

Luzon,  La  Union  Province,  San  Fernando,  R.  Lete  2If8,  263 
(type),  August  and  September,  1917,  and  September,  1924.  In 
thickets  at  low  altitudes.     Local  name,  sarasara. 
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A  study  of  the  chemical  and  pharmacodynamic  properties  of 
this  species  has  been  published  by  A.  H.  Wells  and  F.  Garcia,^ 
one  of  the  plates  illustrating  their  article  giving  a  good  idea  of 
the  general  characters  of  the  species.  It  resembles  Strophan- 
thus  cumingii  A.  DC,  the  type  of  which,  Cuming  1228,  was 
from  Ilocos  Norte  Province,  Luzon.  It  differs  from  de  Can- 
dolle's  species  in  its  distinctly  smaller  flowers,  glabrous  fila- 
ments, much  shorter  petal  tips,  and  relatively  much  longer 
anther  tips  which  are  four  to  five  times  as  long  as  the  anthers. 

CONVOLVULACE^ 
Genus  LETTSOMIA  Roxburgh 

Lettsomia  boholensis  sp.  nov. 

Frutex  scandens,  floribus  exceptis  glaber  vel  subglaber, 
ramulis  2  ad  3  mm  diametro,  ramis  teretibus,  in  siccitate  pallida 
brunneis;  foliis  ovatis  ad  oblongo-ovatis,  subcoriaceis,  6  ad  10 
cm  longis,  2.5  ad  7  cm  latis,  in  siccitate  castaneo-olivaceis,  subtus 
paullo  pallidioribus  et  minute  verruculosis,  glabris,  apice  acumi- 
natis,  basi  plerumque  late  rotundatis  «t  leviter  cordatis,  nervis 
utrinque  circiter  10,  tenuibis,  distinctis;  petiolo  2  ad  3.5  cm 
longo;  cymis  in  axillis  superioribus,  plerumque  3-floris,  pedun- 
culatis,  pedunculis  2  ad  6  cm  longis,  glabris  vel  subglabris, 
pedicellis  3  ad  10  mm  longis ;  floribus  circiter  3  cm  longis,  sepalis 
coriaceis,  orbicularis,  exterioribus  quam  interioribus  paullo 
minoribus,  coriaceis,  circiter  5  mm  longis;  corollae  tubo  8  ad 
9  mm  longo,  glabro,  lobis  5,  lanceolatis,  acuminatis,  sub  anthesin 
contorto-reflexis,  circiter  2  cm  longis  et  3.5  mm  latis,  extus  dense 
adpresse  f errugineo-hirsutis ;  filamentis  glabris,  compressis, 
13  mm  longis;  ovario  2-loculari,  glabro,  stylo  elongato,  glabro, 
stigmate  2  mm  diametro,  capitato;  fructibus  junior ibus  oblongo- 
ellipsoideis,  glabris,  circiter  1  cm  longis. 

BOHOL,  Kalingohan  and  Bilar,  Bur.  Sci.  U2772  (type),  US2U7 
Ramos,  August  and  September,  1923,  in  openings  in  the  forest 
and  along  streams,  altitude  300  to  600  meters. 

A  species  with  the  general  aspect  of  Rivea  luzonensis  Hallier 
f.,  except  for  its  very  deeply  lobed  corollas,  but  technically  a 
Lettsomia  rather  than  a  Rivea.  The  long,  narrow,  lanceolate 
corolla  lobes  are  unusual  in  both  genera. 

=  Philip.  Journ.   Sci.  26    (1925)    9-18,  t.  1-S, 
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ACANTHACE^ 
Genus  HAUJEEACANTHA  Stapf 
Hallieracantha  undulata  sp.  nov. 

Herba  30  ad  45  cm  alta,  caulis  deorsum  geniculatis,  ad  nodis 
radicantibus,  teretibus,  rigidis,  circiter  2  mm  diametro,  glabris, 
partibus  junioribus  breviter  pubescentibus ;  foliis  in  paribus 
aequalibus,  membranaceis,  olivaceis,  glabris,  5  ad  10  cm  longis, 
1  ad  3  cm  latis,  basi  obtusis  ad  rotundatis,  sursum  gradatim  an- 
gustatis,  acuminatis  vel  obtusis,  margine  undulatis,  utrinque 
cystolithis  numerosissimis  instructis,  nervis  utrinque  7  ad  10, 
tenuibus,  curvatis,  distantibus,  arcuato-anastomosantibus,  reti- 
culis  obsoletis  vel  subobsoletis ;  petiolo  1  ad  1.5  cm  longo;  inflo- 
rescentiis  terminalibus  axillaribusque,  2.5  ad  4  cm  longis,  laxis, 
paucifloris,  pedunculatis,  pubescentibus,  cymoso-paniculatis  ; 
floribus  albidis,  1.5  cm  longis,  bracteis  oblongo-ovatis  ad  lan- 
ceolatis,  acuminatis,  circiter  1.5  mm  longis,  pedicellis  usque  ad 
5  mm  longis,  minute  capitato-glandulosis ;  sepalis  lineari-lancea- 
latis,  caudato-acuminatis,  obscure  pubescentibus,  subaequalibus, 
4  mm  longis;  corollae  tubo  sursum  leviter  ampliato,  extus  parce 
pubescentibus,  lobis  5,  subaequalibus,  oblongis  ad  ellipticis,  3  ad 
4  mm  longis ;  staminibus  2,  filamentis  brevibus,  glabris,  antheris 
1.5  mm  longis,  loculis  paullo  inaequalibus,  basi  obtusis;  ovario 
glabro,  loculis  2-ovulatis. 

BOHOL,  Sevilla,  Bur.  Set.  iS326  Ramos,  September,  1923,  along 
streams  in  forests,  altitude  about  600  meters. 

A  species  characterized  by  its  equally  5-lobed  calyces  and  its 
equal  pairs  of  lanceolate  undulate  leaves.  The  corollas  are 
nearly  equally  5-lobed,  scarcely  two-lipped. 

Genus  lEPTOAGATHIS  Willdenow 

Lepidagathis  stenophylla  sp.  nov. 

SufFruticosa,  erecta,  multiramosa,  inflorescentiis  exceptis 
glabra,  caulis  rigidis,  subteretibus,  2.5  ad  4  mm  diametro, 
internodiis  circiter  1  cm  longis;  foliis  in  paribus  subaequalibus, 
anguste  lanceolatis  ad  lineari-lanceolatis,  olivaceis,  chartaceis, 
in  siccitate  olivaceo-viridibus,  utrinque  (praesertim  supra)  cysto- 
lithis minutis  numerosis  oblongis  albidis  instructis,  utrinque 
subaequaliter  angustatis,  acutis  vel  leviter  acuminatis,  inte- 
gerrimis  vel  obscure  undulatis,  2  ad  6  cm  longis,  3  ad  7  mm 
latis,  nervis  primariis  utrinque  circiter  7,  supra  obsoletis,  subtus 
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distinctis,  adscendentibus,  juxta  marginem  arcuato-anastomo- 
santibus;  inflorescentiis  terminalibus,  brevibus,  spicis  2  ad  4, 
confertis,  usque  ad  1.5  cm  longis,  circiter  5  mm  diametro, 
bracteis  numerosis,  imbricatis  oblongis  ad  late  oblanceolatis, 
acute  acuminatis,  carinatis,  3  ad  3.5  mm  longis,  leviter  ciliatis ; 
floribus  roseis,  circiter  5,5  mm  longis,  calycis  lobis  latioribus 
bracteis  simulantibus,  subaequilongis,  leviter  ciliatis,  acute  acu- 
minatis, binis  deorsum  leviter  connatis,  binis  angustioribus  vix 
0.5  mm  latis;  corollae  tubo  3  mm  longo,  lobis  oblongis,  obtusis, 
circiter  1.5  mm  longis. 

BOHOL,  Sevilla  River,  Bur.  Sci.  iSSlT  Ramos,  September, 
1923,  on  rocks  along  mountain  streams,  altitude  about  300 
meters. 

A  species  very  strongly  characterized  by  its  exceedingly 
narrow  leaves,  in  this  character  differing  from  all  the  hitherto 
described  Philippine  forms,  as  well  as  in  its  being  suffrutescent. 
Another  addition  to  the  long  list  of  stenophyllous  species  oc- 
curring in  the  Philippines  and  in  the  Malaysian  region  where 
the  leaf  form  has  become  greatly  narrowed  to  meet  the  con- 
ditions under  which  these  plants  grow;  namely,  along  mountain 
streams  subject  to  sudden  and  brief  overflows. 

Genus  STROBILANTHES  Blume 

Strobilanthes  boholensis  sp.  nov. 

Suffruticosa,  erecta,  ramosa,  circiter  1  m  alta,  ramis  ramu- 
lisque  plus  minusve  geniculatis,  ramulis  circiter  1  mm  diametro, 
parce  breviterque  pubescentibus ;  foliis  alternis  vel  oppositis, 
quando  oppositis  in  paribus  valde  inaequalibus,  membranaceis, 
olivaceis,  nitidis,  supra  olivaceis,  glabris,  cystolithis  numerosis 
albidis  instructis,  subtus  pallidioribus,  ad  costa  nervisque  pube- 
rulis,  cystolithis  obscuris,  majoribus  oblongo-ellipticis,  7  ad  12 
cm  longis,  2.5  ad  4.5  cm  latis,  utrinque  subaequaliter  angus- 
tatis,  caudato-acuminatis,  basi  aequilateralibus,  cuneatis  ad 
decurrento-acuminatis,  margine  undulato-crenatis,  nervis  utrin- 
que circiter  7,  distinctis;  petiolo  5  ad  10  mm  longo;  foliis 
minoribus  paucis,  vix  2  cm  longis;  inflorescentiis  axillaribus, 
paucifloris,  pedunculo  4  ad  9  mm  longo,  floribus  plerumque  3, 
sessilibus,  ebracteatis  vel  bracteis  minutis,  lineari-lanceolatis, 
1  ad  1.5  mm  longis;  floribus  albido-caeruleis,  3  cm  longis,  sepalis 
aequalibus,  lineari-lanceolatis,  glabris,  cystolithis  numerosis 
instructis,  obtusis  ad  acuminatis,  6  ad  7  mm  longis,  circiter  1 
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mm  latis;  corolla  glabra,  sursum  ampliata,  lobis  late  ovatis,  ro- 
tundatis,  6  ad  7  mm  longis;  filamentis  (partibus  liberis)  glabris, 
deorsum  barbatis;  ovario  glabro. 

BOHOL,  Bilar,  Bur.  Sci.  iS256  Ramos,  October,  1923,  in  damp 
forests,  altitude  about  600  meters. 

The  alliance  of  this  species  is  manifestly  with  Strobilanthes 
sibulanensis  (Elm.)  Merr.  of  Mindanao,  from  which  it  differs 
notably  in  its  smaller  leaves,  which  are  cuneate  or  decurrent- 
acuminate,  not  rounded  at  the  base.  The  leaves  are  mostly 
alternate,  rarely  a  large  leaf  being  opposed  by  a  very  much 
smaller  one. 

Genus  HEMIGRAPHIS  Nees 

Hemigraphis  longipetiolata  sp.  nov. 

Suffruticosa,  erecta,  leviter  ramosa,  15  ad  25  cm  alta,  caulis 
et  ramis  et  petiolis  perspicue  flaccide  ciliatis,  caulis  teretibus, 
vetustioribus  glabris,  3  mm  diametro,  prostratis,  ad  nodis  ra- 
dicantibus;  foliis  numerosis,  in  paribus  aequalibus  vel  subae- 
qualibus,  chartaceis,  longe  petiolatis,  oblongo-obovatis,  6  ad  10 
cm  longis,  2  ad  4  cm  latis,  apice  late  rotundatis,  basi  cuneatis, 
margine  leviter  undulatis,  supra  olivaceis,  cystolithis  numerosis 
instructis,  glabris,  subtus  palHdioribus,  flaccide  villosis  cysto- 
lithis nuUis  vel  obscuris,  nervis  utrinque  5  ad  7,  distinctis,  ar- 
cuato-anastomosantibus ;  petiolo  2.5  ad  6  cm  longo;  inflorescentiis 
plerumque  terminalibus,  longe  (2  ad  7  cm)  pedunculatis,  partibus 
florif eris  2  ad  5  cm  longis,  pedunculo  villoso ;  bracteis  late  ellip- 
ticis,  viridibus,  circiter  1  cm  longis  et  6  mm  latis,  subacutis  ad 
rotundatis,  leviter  villosis,  basi  late  rotundatis,  plerumque  cor- 
datis,  inferioribus  subfoliaceis,  oblongis,  usque  ad  1.5  cm  longis, 
basi  acutis ;  floribus  albidis,  13  ad  14  mm  longis,  sepalis  lineari- 
lanceolatis,  caudato-acuminatis,  8  ad  10  mm  longis,  haud  1  mm 
latis,  leviter  adpresse  hirsutis,  corollae  lobis  ellipticis,  rotundatis 
vel  obtusis,  3  ad  3.5  mm  longis ;  capsulis  anguste  oblongis,  glabris, 
8  mm  longis,  seminibus  12,  late  ovatis,  plus  minusve  compressis, 
leviter  pubescentibus,  1.5  mm  longis. 

BOHOL,  Kalingohan,  Bur,  Sci.  U3111  Ramos,  August,  1923,  in 
open  forests  on  rocky  slopes,  altitude  about  300  meters. 

A  species  in  the  group  with  Hemigraphis  rapifera  Hallier  f ., 
characterized  by  its  indumentum  and  by  its  long  petioles. 

Hemigraphis  rivularis  sp.  nov. 

Suffruticosa,  erecta,  vix  vel  parce  ramosa,  leviter  hirsuta,  15 
ad  25  cm  alta,  caulis  2  ad  8  mm  diametro;  foliis  in  paribus 
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aequalibus,  oblanceolatis,  chartaceis,  olivaceis,  4  ad  8  cm  longis, 
8  ad  15  mm  latis,  obtusis,  deorsum  angustatis,  basi  cuneatis 
margine  integris  vel  obscure  undulatis,  utrinque  cystolithis 
numerosis  instructis,  supra  glabris,  subtus  ad  costa  nervisque 
leviter  hirsutis,  nervis  utrinque  5  ad  8,  tenuibus,  curvato- 
adscendentibus,  arcuato-anastomosantibus ;  petiolo  5  ad  7  mm 
longo;  inflorescentiis  terminalibus,  rariter  axillaribus,  spicatis, 
4  ad  6  cm  longis,  multifloris,  bracteis  ellipticis  ad  elliptico- 
oblongis,  rotundatis,  basi  subacutis  ad  obtusis,  5  mm  longis,  2 
mm  latis;  floribus  albidis,  10  ad  11  mm  longis,  sepalis  lanceo- 
latis,  caudato-acuminatis,  rigidis,  7  ad  8  mm  longis,  baud  1  mm 
latis,  leviter  adpresse  hirsutis;  corolla  circiter  10  mm  longa, 
extus  parcissime  hirsuta,  lobis  ovatis,  obtusis,  2.5  mm  longis; 
capsulis  oblongis,  glabris,  acutis,  7  mm  longis,  circiter  1.8  mm 
diametro,  seminibus  16,  1.3  mm  longis,  leviter  pubescentibus, 

BOHOL,  .Batuan  River,  Bur.  Sci.  iS268  Ramos,  September, 
1923,  in  the  beds  of  small  streams  in  forests,  altitude  about 
300  meters. 

A  species  belonging  in  the  group  with  Hemigraphis  rapifera 
Hallier  f.,  characterized  by  its  narrow,  oblanceolate,  entire  or 
obscurely  undulate  leaves. 

RUBIACE^ 

Genus  GARDENU  Ellis 

Gardenia  ramosii  sp.  nov. 

Arbor  parva,  circiter  5  m  alta,  floribus  leviter  pubescentibus 
exceptis  glabra,  ramis  in  siccitate  pallidis,  ramulis  circiter  3 
mm  diametro,  internodiis  5  ad  15  mm  longis;  foliis  chartaceis, 
atro-olivaceis,  nitidis,  oblongis,  ad  late  oblanceolatis,  6  ad  15 
cm  longis,  2.5  ad  5  cm  latis,  perspicue  acuminatis,  basi  acutis, 
nervis  primariis  utrinque  10  ad  12,  perspicuis;  petiolo  8  ad  15 
mm  lopgo;  stipulis  oblongo-lanceolatis,  deciduis,  leviter  pubes- 
centibus, 12  mm  longis;  floribus  axillaribus,  solitariis,  auran- 
tiacis  vel  albis,  elongatis,  breviter  pedicellatis ;  calyce  circiter 
2  cm  longo,  cylindrico,  leviter  adpresse  pubescenti,  3  ad  4  mm 
diametro,  limbo  longe  (1.5  cm)  producto,  ore  obliquo,  subspa- 
thaceo ;  corollae  tubo  7.5  cm  longo,  glabro,  cyhndrico,  2  mm  dia- 
metro, lobis  plerumque  7,  lanceolatis  ad  oblongo-lanceolatis, 
patulis,  2.5  ad  3  cm  longis,  obtusis  ad  obtuse  acuminatis,  7  ad 
10  mm  latis,  utrinque  subaequaliter  angustatis;  fructibus  glo- 
bosis,  2  ad  2.5  cm  diametro. 
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BOHOL,  Kalingohan,  Bur.  Sci.  48323  (type),  43283  Ramos, 
August,  1923,  on  rocky  slopes  in  damp  forests,  altitude  about 
600  meters. 

A  species  remarkably  distinct  on  account  of  its  axillary, 
solitary,  subsessile,  greatly  elongated  flowers  and  the  spathelike 
calyx  limb  that  opens  obliquely.  The  linear  anthers  are  about 
1  cm  long,  their  tips  slightly  exserted,  while  the  large  club-shaped 
stigma  is  prominently  exserted. 

Genus  HYPOBATHRUM  Blume 
Hypobathnun  coriaceum  sp.  no  v. 

Arbor  parva,  circiter  6  m  alta,  glabra,  ramulis  teretibus  vel 
junioribus  compressis,  2  ad  3  mm  diametro;  foliis  coriaceis,  in 
siccitate  subcastaneis,  nitidis,  oblongis  ad  oblongo-lanceolatis, 
9  ad  11  cm  longis,  2.5  ad  4  cm  latis,  brevissime  (vix  2  mm) 
petiolatis  vel  subsessilis,  basi  acutis,  sursum  gradafim  angus- 
tatis,  acutis  vel  obscure  acuminatis,  nervis  primariis  utrinque 
circiter  12,  tenuibus,  arcuato-anastomosantibus ;  stipulis  ovatis, 
coriaceis,  persistentibus,  carinatis,  circiter  1  cm  longis,  acutis; 
floribus  axillaribus,  sessilibus,  albidis,  bibracteolatis,  bracteolis 
ovatis,  2.5  mm  longis,  acutis  ad  obtusis,  leviter  pubescentibus ; 
floribus  circiter  7.5  mm  diametro,  calycis  tubo  2  mm  loifgo,  gla- 
bro,  lobis  plerumque  4,  ovatis,  acutis,  1  mm  longis,  obscure  cilia- 
tis ;  corollae  tubo  5  mm  longo,  extus  glabro,  lobis  patulis,  crassis, 
late  ovatis,  rotundatis,  3  mm  longis,  f  auce  villosissimis ;  antheris 
linearis,  2.5  mm  longis ;  stylo  glabro,  lobis  clavatis,  villosissimis ; 
fructibus  oblongo-ovoideis,  glabris,  6  mm  longis,  1-loeellatis, 
seminibus  4,  oblongis,  leviter  curvatis,  2.5  mm  longis. 

BOHOL,  Bilar,  Bur.  Sci.  42615  Ramos,  September,  1923,  on 
forested  slopes,  altitude  about  600  meters. 

A  species  radically  different  from  Hypobathrum  glomeratum 
K.  Schum.  in  its  very  much  smaller,  sessile  fruits  which  are 
strictly  1-celled.  It  is  probably  most  closely  allied  to  H.  brevipes 
Koord.  &  Val.  of  Java.  In  its  bracteolate  calyces  it  approaches 
Tricalysia,  but  is  clearly  a  Hypobathrum, 

Genus  TRICALYSIA  A.  Richard 

Tricalysia  reticulata  sp.  nov. 

Frutex  glaber,  ramis  teretibus,  tenuibus,  ramulis  circiter  2 
mm  diametro;  foliis  subcoriaceis,  ellipticis,  13  ad  16  cm  longis, 
6  ad  8.5  cm  latis,  basi  late  acutis  ad  rotundatis,  apice  breviter 
obtuseque  acuminatis,  in  siccitate  pallidis,  nitidis,  nervis  pri- 
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mariis  utrinque  circiter  8,  distantibus,  curvatis,  distinctis, 
reticulis  subtus  perspicuis,  vix  elevatis;  petiolo  1  cm  longo; 
stipulis  lanceolatis,  rigidis,  circiter  4  mm  longis,  deciduis; 
fructibus  axillaribus,  globosis,  circiter  1.5  cm  diametro,  glabris, 
pericarpio  circiter  4  mm  crasso;  seminibus  paucis,  compressis, 
imbricatis. 

BOHOL,  Bilar,  Bur,  Sci,  iS252  Ramos,  September,  1923,  along 
small  streams  in  forests,  altitude  about  600  meters. 

The  leaves  are  conspicuously  and  rather  densely  reticulate  on 
the  lower  surface,  but  the  veinlets  are  scarcely  raised.  In  this 
character,  as  well  as  in  its  larger  leaves  and  much  larger  fruits, 
the  present  species  differs  from  the  common  Tricalysia  fasci- 
culi flora  (Elm.)  Merr.  In  its  fruit  characters  it  resembles  the 
Philippine  form  hitherto  known  as  Randia  whitfordii  (Elm.) 
Merr.,  which  is  not  a  Randia,  and  which  is  below  transferred  to 
Tricalysia.  Tricalysia  reticulata  Merr.  is  certainly  nearer  the 
latter  species  than  the  former. 

Tricalysia  whitfordii  (Elm.)  comb.  nov. 

Gardenia  whitfordii  Elm.,  Leafl.  Philip.  Bot.  1    (1906)  4. 

Randia  fascimliflora  Elm.,  Leafl.  Philip.  Bot.  1    (1906)  4,  pro  minore 

parte. 
Randia  whitfordii  Merr.  in  Philip.  Journ.  Sci.  1    (1906)    Suppl.  130; 

Enum.  Philip.  Fl.  PI.  3    (1923)  529. 

Northern  Luzon  to  Palawan  and  Mindanao. 
Genus  OPHIOREHIZA  Linn^us 
Ophiorrhiza  lancilimba  sp.  nov. 

Suffruticosa,  erecta,  usque  ad  45  cm  alta,  multiramosa,  ra- 
mulis  hirsutis;  foliis  in  paribus  valde  inaequalibus,  majoribus 
lanceolatis,  olivaceis,  membranaceis,  6  ad  11  cm  longis,  1  ad  2 
cm  latis,  integris,  utrinque  subaequaliter  angustatis,  apice  te- 
nuiter  acuminatis,  basi  cuneatis,  supra  glaberrimis,  subtus  ad 
eosta  nervisque  puberulis,  nervis  lateralibus  utrinque  8  ad 
10,  subtus  perspicuis,  minoribus  similimis  sed  1  ad  3  cm  longis; 
stipulis  setaceis,  usque  ad  4  mm  longis ;  inflorescentiis  termina- 
libus,  paucifloris,  breviter  pedunculatis,  puberulis ;  floribus 
tenuibus,  circiter  5  mm  longis,  bracteolis  linearis  vel  subulatis, 
1  ad  2  mm  longis;  fructibus  compressis,  circiter  2  mm  longis 
et  7  mm  latis,  lobis  patulis,  obtusis. 

BOHOL,  Valencia,  Bur.  ScL  J^3136  Ramos,  October  4,  1923,  in 
damp  forests,  altitude  about  600  meters. 
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A  species  characterized  by  its  numerous  branches,  its  lance- 
olate, slenderly  acuminate  leaves,  and  its  setaceous  stipules  and 
bracteoles.  It  apparently  belongs  in  the  same  group  as  Ophior- 
rhiza  undulata  Merr. 

Genus  PSYCHOTRIA  Linnaeus 

Psychotria  subcucullata  sp.  no  v. 

Frutex  circiter  1  m  altus,  ramulis  et  petiolis  et  foliis  subtus 
ad  costa  distincte  ferrugineo-pubescentibus,  ramus  teretibus, 
glabris,  tenuibus,  ramulis  haud  1  mm  diametro;  foliis  charta- 
ceis,  longe  petiolatis,  anguste  oblongis,  2.5  ad  5  cm  longis,  1 
ad  1.5  cm  latis,  breviter  acuminatis,  basi  abrupte  rotundato- 
cordatis,  subcucuUatis,  nervis  primariis  utrinque  10  ad  13,  te- 
nuibus; petiolo  tenui,  1  ad  1.5  cm  longo;  stipulis  circiter  5  mm 
longis,  subcylindraceis,  chartaceis,  deciduis;  fructibus  termina- 
libus,  solitariis  vel  binis,  brevissime  pedicellatis,  circiter  4  mm 
longis,  obovoideis,  obscure  longitudinaliter  sulcatis,  leviter  pu- 
bescentibus;  seminibus  plano-convexis,  dorso  obscure  longitudi- 
naliter circiter  6-carinatis,  albumine  aequabile. 

BOHOL,  Kalingohan,  Bur.  Set,  USIH  Ramos,  August,  1923,  on 
rocky  slopes  in  forests. 

A  very  distinct  species,  strongly  characterized  by  its  few, 
small,  nearly  sessile  fruits,  and  especially  by  its  slenderly  pe- 
tioled  small  leaves  which  are  peculiarly  rounded-cordate  at 
their  bases  and  almost  cucullate  by  the  distinctly  upturned  basal 
margins. 

Genus  BOHOLIA  novum 

Calycis  tubus  oblongus,  basi  angustatis;  limbi  lobi  5,  parvi, 
aequales,  oblongo-ovati.  Corolla  tubulosa,  elongata,  tubo  deor- 
sum  cylindrico,  sursum  ampliato,  intus  ad  amplificatione  barbato ; 
limbi  lobi  5,  orbiculari-ovati,  parvi,  imbricati,  rotundati.  Sta- 
mina 5,  circiter  fauci  corollae  inserta;  antherae  dorso  affixae, 
inclusae,  lineari-lanceolatae,  loculis  basi  vacuis.  Ovarium  2-, 
rariter  3-loculare;  stylus  filiformis  sub  anthesin  longe  exsertis, 
stigmate  breviter  2-fido,  lobis  patulis  vel  recurvatis,  compressis, 
oblongis  ad  ellipticis ;  ovula  in  loculis  solitaria,  ab  apice  pendula, 
elongata.  Fructus  siccus,  2-,  rariter  3-locularis,  oblongis,  ut 
videtur  septicide  dehiscens.  Semina  oblonga,  pendula,  intrin- 
secus  longitudinaliter  sulcata.  Frutex  erectus  simplex,  1  ad  1.5 
m  altus,  internodiis  elongatis,  caulis  teretibus,  partibus  juniori- 
bus  parce  hirsutis.     Folia  opposita,  petiolata,  oblongo-lanceolata. 
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acuminata,  membranacea.     Stipulae  lineari-lanceolatae,  acumi- 
natae.     Flores  in  paniculas  laxas  terminales  dispositi. 

Boholia  nematostylis  sp.  nov. 

Frutex  erectus,  simplex,  caulis  teretibus,  glabris,  laevis,  3 
ad  4  mm  diametro,  partibus  superioribus  parce  hirsutis,  in 
siccitate  plerumque  olivaceis  vel  atro-olivaceis,  ultimis  1  mm  dia- 
metro; foliis  oblongo-lanceolatis,  in  siccitate  nigris,  nitidis,  7  ad 
15  cm  longis,  2  ad  5  cm  latis,  supra  glabris,  laevis,  subtus  leviter 
hirsutis,  utrinque  subaequaliter  angustatis,  apice  tenuiter  acu- 
minatis,  basi  cuneatis  vel  decurrento-acuminatis,  nervis  utrin- 
que 10  ad  14,  tenuibus,  distinctis,  arcuato-anastomosantibus ; 
petiolo  1.5  ad  3  cm  longo;  stipulis  lineari-lanceolatis,  acuminatis, 
circiter  5  mm  longis;  paniculis  terminalibus,  laxis,  10  ad  18  cm 
longis,  hirsutis,  ramis  primariis  paucis,  patulis,  usque  ad  2  cm 
longis,  paucifloris;  bracteis  linearis  ad  subspatulatis,  5  ad  8 
mm  longis,  bracteolis  circiter  1  mm  longis;  floribus  albidis,  cir- 
citer 2  cm  longis,  extus  leviter  hirsutis,  in  siccitate  nigris,  pe- 
dicellis  usque  ad  5  mm  longis ;  calycis  tubo  circiter  4  mm  longo, 
deorsum  angustato,  lobis  5,  brevibus,  oblongo-ovatis,  acuminatis, 
vix  0.5  mm  longis;  corollae  tubo  circiter  1.6  cm  longo,  deorsum 
(circiter  1  cm)  cylindrico,  tenue,  sursum  ampliato  et  circiter  3 
mm  diametro,  lobis  5,  orbiculari-ovatis,  rotundatis,  imbricatis, 
vix  patulis,  1  ad  1.5  mm  diametro,  antheris  lineari-lanceolatis, 
glabris,  2.5  mm  longis;  stylis  filiformibus,  sub  anthesin  longe 
exsertis,  glabris,  circiter  2.5  cm  longis;  fructibus  subcylindra- 
ceis  vel  leviter  compressis,  circiter  8  mm  longis,  2  mm  diametro, 
2-,  rariter  3-locellatis,  glabris,  inter  loculis  leviter  sulcatis,  ut 
videtur  loculicide  dehiscentibus ;  seminibus  solitariis,  pendulis, 
elongatis,  intrinsecus  longitudinaliter  sulcatis. 

BOHOL,  Bilar  and  Kalingohan,  Bur.  Set,  4S107  (type),  ^SS18 
Ramos,  August  and  September,  1923,  in  damp  forests,  altitude 
about  600  meters. 

A  strongly  characterized  species,  which  I  have  made  the  type 
of  a  new  genus,  the  genus  apparently  belonging  in  the  Coffe- 
oidae-Guettardinse-Alberteae,  although  remote  from  all  the  de- 
scribed genera  in  this  group.  The  fruits  are  not  quite  mature, 
but  apparently  and  septicidally  are  longitudinally  dehiscent 
between  the  cocci.  In  its  very  slender,  long-exserted  styles  it 
resembles  the  genus  Nematostylis  Hook.  f.  of  Madagascar,  but 
in  its  other  characters  it  is  remote  from  this  genus.  In  habit 
it  strongly  resembles  some  species  of  Jiisticia  of  the  Acanthacese, 
but  is  strictly  erect  and  unbranched. 
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Genus  STJLITIA  novum 

Calycis  tubus  obconicus  ad  campanulatus ;  limbi  lobi  5,  lan- 
ceolati,  parvi,  inaequali,  acuminati.  Corolla  valde  elongata,  tu- 
bo  cylindrico,  sursum  ampliato,  intus  infra  amplificatione  bar- 
bato;  limbi  lobi  5,  recti,  anguste  lanceolati,  elongati,  carnosi, 
valde  imbricati.  Stamina  5,  infra  faucem  corollae  inserta,  fi- 
lamentis  brevissimis ;  antherae  basifixae,  lineari-lanceolatae, 
acuminatae,  inclusae.  Ovarium  2-loculare ;  stylus  filif ormis ; 
ovula  in  loculis  numerosa,  placentis  peltatis  septo  adnatis. 
Fructus.  Frutex  epiphyticus,  glaber,  ramis  teretibus.  Folia  op- 
posita,  oblonga  ad  oblongo-lanceolata,  ampla,  petiolata,  longe  pe- 
tiolata.  Stipulae  oblongo-ovatae,  elongatae,  membranacae,  ca- 
ducae.  Flores  magni,  elongati,  sessiles,  axillares,  fasciculati, 
bracteati. 

Sulitia  langiflora  sp.  nov. 

Frutex  epiphyticus,  glaber,  circiter  3  m  altus,  ramulis  tere- 
tibus, 4  ad  5  mm  diametro ;  f oliis  coriaceis,  oblongis  ad  oblongo- 
lanceolatis,  15  ad  25  cm  longis,  5  ad  7  cm  latis,  in  siccitate  oli- 
vaceis,  nitidis,  apice  breviter  obtuse  acuminatis,  basi  acutis, 
plerumque  valde  inaequilateralibus,  nervis  primariis  utrinque  15 
ad  17,  tenuibus,  indistinctis,  interdum  subtus  obsoletis  vel  sub- 
obsoletis;  petiolo  2  ad  3  cm  longo;  stipulis  oblongo  ovatis,  1 
ad  1.5  cm  longis,  acutis,  membranaceis,  brunneis,  deciduis;  flo- 
ribus  axillaribus,  fasciculatis,  sessilibus,  albidis,  5-meris,  brae- 
teatis,  bracteis  membranaceis,  brunneis,  late  triangulari-ovatis, 
acutis,  4  ad  6  mm  longis ;  calycis  tubo  2  ad  3  mm  longo,  sursum 
ampliato,  limbus  producto,  lobis  5,  lanceolatis,  acuminatis,  leviter 
inaequalibus,  2.5  ad  3.5  mm  longis,  margine  leviter  ciliatis; 
corollae  tubo  tenui,  cylindrico,  11  cm  longo,  3  mm  diametro,  infra 
faucem  (1  cm)  ampliato  et  5  mm  diametro,  extus  glabro,  intus 
infra  amplificatione  barbato,  lobis  5,  rectis,  anguste  lanceolatis, 
carnosis,  5  ad  6  cm  longis,  deorsum  circiter  1  cm  latis,  carnosis, 
in  siccitate  nigris,  valde  imbricatis;  antheris  lineari-lanceolatis, 
acuminatis,  1  cm  longis. 

Mindanao,  Cotabato  Province,  near  Lebak,  For.  Bur,  29U5  M. 
Sulit,  April  and  May,  1903.  ''Epiphytic  shrub  3  m  high  on 
large  palomaria  [Calophyllum]  tree,  flowers  white,  fragrant." 

Although  the  fruits  of  this  characteristic  plant  are  unknown, 
it  seems  to  represent  the  type  of  a  new  genus  in  the  Cincho- 
noidese-Cinchoninse-Cinchoneae  in  the  general  group  with  the 
American  genera  Hillia  Jacq.,  Cosmibuena  Ruiz  &  Pav.,  and 
Ravnia  Oerst.,  from  all  of  which  it  is  at  once  distinguished  by 
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its  axillary,  sessile,  fascicled  flowers,  each  axil  bearing  about 
five  flowers.  The  flowers  are  apparently  fleshy,  the  material  be- 
ing insufiicient  to  determine  whether  or  not  the  corolla  lobes 
spread  at  full  anthesis;  they  are  black  when  dry.  The  mature 
but  unopened  bud  attains  a  length  of  16  cm.  The  genus  is 
dedicated  to  Mr.  Mamerto  Sulit,  the  collector,  an  employee  of  the 
Philippine  Bureau  of  Forestry. 

CUCURBITACE^ 

Genus  MELOTHKIA  Linnaeus 

Melothria  boholensis  sp.  nov.  §  Eumelothria. 

Herba  monoica,  scandens,  ramis  ramulisque  tenuibus,  glabris, 
angulatis  vel  sulcatis,  ramis  vix  1  mm  diametro ;  f oliis  prof  unde 
5-partitis,  membranaceis  olivaceis,  circiter  3  cm  longis,  supra 
maculato-scabris,  subtus  ad  costa  nervisque  perspicue  setosis, 
segmentis  lanceolatis,  distanter  denticulatis,  obtusis  et  plerum- 
que  breviter  mucronatis,  3  ad  10  mm  latis,  intermedio  2  ad 
3.5  cm  longo,  haud  lobato,  exterioribus  brevioribus,  bifidis,  basi 
truncatis  ad  late  cordatis;  petiolo  1  ad  1.5  cm  longo,  setoso; 
floribus  axillaribus,  plerumque  solitariis,  longe  graciliterque 
pedicellatis,  pedicellis  usque  ad  1.5  cm  longis,  sub  fructu  usque 
ad  4  cm  longis,  floribus  $  5  mm  longis,  sepalis  minutis,  petalis 
ovatis,  obtusis,  2  ad  2.5  mm  longis;  fructibus  globosis,  laevis, 
tenuissime  longe  pedicellatis,  circiter  1  cm  diametro,  seminibus 
ellipticis  ad  elliptico-oblongis,  compressis,  laevis,  immarginatis, 

3  ad  3.5  mm  longis. 

BOHOL,  Kalingohan,  Bur.  Sci,  i2779  Ramos,  August  26,  1923, 
in  recent  clearings,  altitude  about  600  meters. 

A  species  differing  from  the  few  other  known  Philippine  forms 
of  the  genus  in  its  deeply  and  narrowly  5-lobed  leaves,  the  central 
lobe  extending  to  within  from  2  to  4  mm  of  the  base.  Although 
monoecious,  its  alliance  appears  to  be  clearly  with  the  New 
Caledonian  Melothria  pentaphylla  Naud.,  differing  in  its  smaller 
leaves,  distantly  denticulate  not  entire  margins,  setose  nerves 
on  the  lower  surface,  and  smaller  fruits  and  seeds. 

COMPOSITE 
Genus  BLUMEA  de  Candolle 
Blmnea  stenophylla  sp.  nov. 

Herba  erecta,  multiramosa,  saltem  60  cm  alta,  caulis  circiter 

4  mm  diametro,  partibus  junioribus  leviter  pubescentibus,  ra- 
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mulis  tenuibus,  elongatis,  vix  1  mm  diametro;  foliis  lanceolatis 
ad  lineari-lanceolatis,  viridibus,  subglabris  vel  obscure  pubescen- 
tibus,  3  ad  12  cm  longis,  2  ad  8  mm  latis,  utrinque  subaequaliter 
angustatis,  acute  acuminatis,  margine  distanter  (1  ad  2.5  cm) 
denticulatis,  nervis  primariis  utrinque  5  ad  8,  distantibus,  ad- 
scendentibus,  juxta  marginem  arcuato-anastomosantibus,  petiolo 
3  ad  7  mm  longo;  inflorescentiis  laxis,  capitulis  paucis,  pedun- 
culatis,  circiter  1  cm  longis  et  usque  ad  1.5  cm  diametro,  pe- 
dunculo  ad  1  cm  longo,  involucri  squamae  lineares,  acuminatae, 
extimae  3  mm  longae,  interiores  5  ad  6  mm  longae,  leviter  vil- 
losae  vel  ciliatae;  acheniis  circiter  1  mm  longis,  obscure 
pubescentibus ;  pappus  albus,  4.5  mm  longus. 

BoHOL,  Valencia,  Bur.  Sci.  JfS281  Ramos,  October,  1923,  along 
streams  in  damp  forests,  altitude  about  300  meters. 

A  species  remarkable  for  its  very  narrow,  elongated,  very 
distantly  denticulate  leaves,  in  its  vegetative  characters  being 
remote  from  all  the  hitherto  described  Philippine  forms. 


ILLUSTRATION 

Plate  1.  Pandanus  patelliformus  sp.  nov. 
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PLATE  1,     PANDANUS   PATELLIFORMIS  SP.    NOV. 


TWO  NEW  FISHES  FROM  LAKE  LANAO 

By  Albert  W.  C.  T.  Herrb 
Chief,  Division  of  Fisheries,  Bureau  of  SdencBy  Manila 

TWO    PLATES 

Lake  Lanao  is  a  beautiful  body  of  water  formed  in  the  high- 
lands of  Mindanao  by  volcanic  eruptions  damming  up  a  moun- 
tain gorge.  The  lake  is  more  than  176  square  kilometers  in 
area,  and  its  surface  has  an  elevation  above  the  sea  of  more 
than  670  meters.  Much  of  the  lake,  especially  along  the  eastern 
and  northern  shores,  is  shallow;  but  just  off  the  middle  part  of 
the  southern  shore,  in  what  was  once  a  river  caiion,  it  has  a 
depth  of  150  fathoms.  The  Lanao  plateau  is  of  volcanic  for- 
mation, superimposed  upon  coral  limestone,  and  was  cut  off 
from  the  lowlands  so  long  ago  that  an  entirely  new  fresh-water 
cyprinid  fauna  has  developed  there. 

In  the  shallow  reaches  of  the  lake  various  species  of  Cy- 
prinidse  swarm  in  vast  shoals,  feeding  in  the  forests  of  Pota- 
mogeton  and  other  water  plants,  which  grow  luxuriantly  in 
water  10  meters  or  more  in  depth.  These  fish  are  caught  in 
vast  quantity  by  the  Moros,  chiefly  by  means  of  gill  nets.  A 
few  kinds  of  larger,  carplike  fish,  which  live  in  swift-water 
streams  as  well,  are  caught  mainly  by  hook  and  line. 

The  fishes  here  described  raise  the  total  of  Lanao  cyprinids 
thus  far  recognized  by  me  to  fifteen.  It  is  possible  that  addi- 
tional collections  will  raise  the  number  to  eighteen  or  twenty, 
as  I  have  several  specimens  of  apparently  new  species  which 
cannot  be  satisfactorily  determined  without  more  material  for 
comparison.  ^ 

I  wish  to  express  my  thanks  to  Major  0.  M.  Johnson,  gov- 
ernor of  Lanao;  Mr.  Walkup,  of  the  Bureau  of  Lands;  and  Datu 
Samba-an,  of  Camp  Keithley,  for  their  kindness  in  obtaining, 
preparing,  and  shipping  specimens  to  me. 

Baxbodes  baoulan  sp.  nov.     Plate  1. 

Dorsal  IV-7;  anal  III-5;  pectoral  1-17;  ventral  1-9;  24  to  26 
scales  in  the  lateral  line,  |  in  a  transverse  series,  9  or  10 
before  the  dorsal  fin,  and  12  on  the  caudal  peduncle. 
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Body  very  deep  and  broad,  almost  arrow-shaped,  its  depth 
2.6  to  3  times  in  len^h,  its  breadth  a  little  more  or  less  than 
twice  in  its  depth ;  the  dorsal  and  ventral  profiles  converge  sharp- 
ly toward  tip  of  snout;  the  broad  head  is  of  moderate  size,  its 
length  3.26  to  3.37  times  in  length,  its  thickness  2  to  2.3  times 
in  its  own  length;  snout  broad,  with  a  median  hump  near  its 
bluntly  rounded  tip,  its  length  3.1  to  3.37  times  in  head;  the 
large  circular  eye  has  a  more  or  less  evident  thickened  adipose 
eyelid  in  front  and  behind,  its  diameter  4.5  to  5.66  in  head  and 
1.33  to  1.83  in  snout;  the  width  of  the  broad,  slightly  concave 
interorbital  space  equals  the  length  of  the  snout;  the  mouth  is 
of  moderate  size,  slightly  inferior;  the  anterior  nostril  has  a 
prominent  erect  tubule  with  the  posterior  margin  forming  a 
conspicuous  flap;  the  posterior  nostril  is  large  and  open;  bar- 
bels long,  of  moderate  thickness,  the  anterior  one  extending 
back  to  the  posterior  margin  of  eye  or  farther,  the  posterior 
one  reaching  beyond  posterior  margin  of  preopercle;  caudal 
peduncle  narrow,  its  depth  2.3  to  2.4  in  the  length  of  head;  the 
origin  of  the  dorsal  is  nearer  tip  of  snout  than  base  of  caudal, 
and  is  opposite  posterior  margin  of  the  seventh  scale  or  op- 
posite the  eighth  scale  in  the  lateral  line;  the  basal  sheath  of 
the  dorsal  is  only  slightly  developed;  fourth  dorsal  spine  stout, 
mediumly  serrate,  the  bony  portion  comprising  three-fourths 
or  more  of  its  length;  the  origin  of  the  ventral  is  opposite  the 
eighth  scale  of  the  lateral  line;  pectorals  short  and  rather  small, 
not  reaching  the  ventral  when  depressed,  their  length  1.28  to 
1.42  in  head;  ventrals  short,  not  nearly  reaching  anus,  their 
length  1.6  to  1.8  in  head;  caudal  deeply  forked,  with  pointed 
lobes,  its  length  equal  to  or  slightly  less  than  head. 

The  color  in  formalin  was  whitish  yellow,  very  pale  on  throat 
and  belly,  the  sides  and  back  clear  golden  yellow;  top  of  head 
dusky  and  a  lateral  blackish  blotch  on  basal  sheath  of  dorsal; 
fins  all  pale;  in  life  the  basal  half  of  caudal  is  probably  golden 
and  the  dorsal  and  anal  are  probably  also  golden.  When  trans- 
ferred to  alcohol  the  golden  yellow  largely  disappeared  and  a 
dusky  lateral  band  from  shoulder  to  caudal  became  more  or  less 
evident,  in  most  specimens  not  visible  on  the  posterior  half. 

Here  described  from  nine  specimens,  88  to  108  millimeters 
in  length,  from  Lake  Lanao,  Mindanao.  They  are  all  females, 
ready  or  nearly  ready  to  spawn. 

This  cyprinid  is  the  one  most  highly  esteemed  for  food  by  the 
Marinaos  and  is  apparently  the  rarest  and  most  difficult  to 
obtain.     It  is  said  to  live  at  considerable  depths  and  to  visit  the 
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surface  but  rarely.  It  is  caught  only  during  the  colder  months, 
and  usually  not  then  except  after  a  storm  while  the  waves  are 
still  running  high.  It  is  always  much  thicker  from  side  to 
side  than  any  of  the  other  cyprinids  and  is  very  fat,  so  that 
it  can  be  fried  in  its  own  grease  without  adding  any  oil  to  the 
pan.  This  is  a  character  highly  prized  by  the  Mohammedans, 
as  they  use  no  lard  and  must  import  from  the  lowlands  nearly 
all  the  coconuts  used  to  furnish  cooking  fat.  The  few  Chris- 
tian Filipinos  in  the  Lanao  plateau  also  value  this  fish  greatly, 
since  their  diet  is  nearly  always  deficient  in  fat,  with  an  excess 
of  starch. 

BaO'VAan  is  the  Marinao  name  of  this  species. 

Barbodes  tras  sp.  nov.     Plate  2. 

Dorsal  IV-18 ;  anal  III-6 ;  pectoral  1-14 ;  ventral  1-7 ;  scales  in 

lateral  line  27;  scales  in  transverse  series,  ^\  scales  from  dor- 

o 
sal  to  nape,  13;  scales  on  caudal  peduncle,  12;  scales  between 

origin  of  ventral  and  lateral  line,  3. 

Body  slender,  elongate,  rather  thick,  the  depth  4.3  times  in 
the  length ;  the  dorsal  profile  descends  steeply  in  a  straight  line 
from  the  nape  to  a  groove  near  tip  of  snout;  head  very  large 
and  broad,  2.7  times  in  length,  its  greatest  width  2.55  in  its  own 
length;  the  large  snout  contained  a  trifle  more  than  3  times  in 
head;  near  its  tip  are  three  bony  humps,  a  large  central  one 
and  two  smaller  lateral  ones;  the  large,  nearly  circular  eye  is 
placed  very  high  up,  5.5  times  in  head  and  about  1.8  times  in 
snout;  the  posterior  margin  of  eye  is  almost  exactly  midway 
between  tip  of  snout  and  posterior  margin  of  the  opercular 
flap;  the  wide  flat  interorbital  is  contained  1.5  times  in  snout 
and  4.6  times  in  head;  the  slightly  oblique  mouth  is  terminal, 
rather  large,  the  posterior  angle  of  maxillary  beneath  the  pos- 
terior nostril;  lower  jaw  extends  slightly  beyond  upper  and  has 
a  small  knob  on  the  underside  of  symphysis ;  barbels  short  and 
rather  stout,  the  rostral  extending  to  base  of  maxillary,  which 
is  longer  than  the  eye  and  reaches  as  far  as  beneath  its  pos- 
terior margin ;  the  depth  of  the  long  slender  peduncle  is  3  times 
in  its  own  length,  measured  above,  and  3.5  times  in  head;  up- 
per margin  of  caudal  peduncle  twice  as  long  as  lower  margin; 
basal  sheath  of  dorsal  little  developed,  the  fourth  dorsal  spine 
weakly  serrate,  and  the  origin  of  the  dorsal  is  much  nearer 
base  of  caudal  fin  than  tip  of  snout,  opposite  the  posterior  mar- 
gin of  the  ninth  scale  of  the  lateral  line;  the  origin  of  the 
ventral  is  also  opposite  the  ninth  scale  of  the  lateral  line ;  pec- 
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toral  of  medium  size,  not  reaching  ventral  when  depressed,  its 
length  almost  1.9  times  in  head;  ventrals  small,  not  reaching 
anus  by  more  than  the  breadth  of  two  scales,  their  length  2.4 
times  in  head ;  the  length  of  the  deeply  forked  caudal  equals  the 
depth  of  body;  snout  and  top  and  sides  of  head  are  sprinkled 
with  very  small  white  tubercles. 

The  color  in  alcohol  is  dusky  gray  above,  becoming  whitish 
below,  the  snout  bluish  black;  the  dorsal  rays  are  dusky,  the 
caudal  yellow,  with  a  dusky  posterior  margin;  the  other  fins 
are  all  colorless. 

Here  described  from  the  type  and  only  specimen,  126  milli- 
meters long,  collected  April  9,  1925,  by  Datu  Samba-an,  at 
Camp  Keithley,  Lanao. 

This  singular  Barbodes  is  widely  different  in  shape  and  pro- 
portions from  all  other  Lake  Lanao  fishes. 

Tras  is  the  Marinao  name  for  this  cyprinid. 


ILLUSTRATIONS 

[Drawings  by  Antonio  Jm  Canlas.] 

Plate  1.  Barbodes  baoulan  sp.  nov. 

2.  Barbodes  tras  sp.  nov.    X  2. 

503 


CL 
yfi 

Z 
< 
_l 
D 
O 
< 

m 


Q 

o 
m 
a: 
< 

OQ 


< 


NOTES  ON  THE  MORPHOLOGY  AND  TECTONICS  OF  THE 
NORTH  COAST  OF  NEW  GUINEA 

By  J.    ZWIERZYCKI 

Geologist,  Department  of  Mines,  Dutch  East  Indies 

THREE    PLATES 

ABSTRACT 

Some  physiographic  and  structural  aspects  of  the  little-known 
island  New  Guinea  are  here  presented.  Along  the  central  part 
of  the  island  a  16,000-foot  snow-covered  mountain  ridge  runs 
east  and  west.  North  of  it  extends  a  broad  belt  of  low, 
Tertiary,  partly  oil-bearing  hills  which  at  most  places  reaches 
the  coast.  At  two  places  the  coast  is  built  up  of  high  ranges 
of  crystalline  and  serpentine  rocks.  The  faulting  is  very  strong 
everywhere  and  is  overthrust  to  the  north  and  partly  pressed 
against  these  crystalline  massives.  The  erosion  forms  at  pres- 
ent are  generally  at  maturity,  but  in  the  high  ridges  youthful 
physiographic  features  are  present.  On  the  main  island  there 
is  no  volcano,  but  the  tectonic  processes  seem  not  yet  to  have 
reached  a  standstill  (rest),  because  the  island  is  subjected  to 
strong  earthquakes. 

INTRODUCTION 

Geologically  New  Guinea  is  one  of  the  least  known  countries. 
The  portion  of  this  island  west  of  the  141st  meridian  belongs  to 
the  Netherlands  East  Indies.  The  eastern  part  was  shared  be- 
fore the  World  War* by  Great  Britain  and  Germany;  at  present 
both  parts  are  held  by  the  Commonwealth  of  Australia. 

The  small  amount  of  available  geologic  and  physiographic 
literature  consists  mostly  of  short  articles  which  are  scattered 
in  journals  of  all  kinds  and  partly  written  by  travelers,  pros- 
pectors, government  officials,  and  missionaries.  Attention  to 
New  Guinea  was  drawn  first  by  the  discoveries  of  gold,  copper, 
and  oil  in  the  British  southeastern  part  of  the  island.  This 
territory  is  now  being  investigated  by  Australian  geologists 
who  publish  their  observations  in  the  bulletins  of  the  Territory 
of  Papua.    Just  before  the  World  War,  oil  indications  were  re- 
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ported  on  the  northern  coast,  in  both  Dutch  and  former  German 
territory,  which  led  to  extensive  geologic  explorations.  The 
former  German  territory  was  investigated  by  the  geologists  of 
the  Anglo-Persian  Oil  Company,  but  their  reports  did  not  appear 
in  printed  form.  On  Dutch  territory  I  had  the  opportunity 
to  lead  the  explorations  in  the  years  1919-1921.  More  exten- 
sive reports  on  this  work  will  be  published  shortly  in  the  Jaar- 
boek  van  het  Mijnwezen.  Some  general  remarks  are  herewith 
offered  to  the  American  public. 

Morphological  and  structural  studies  are  exceptionally  diffi- 
cult in  Dutch  New  Guinea,  because  there  are  no  roads  or  any 
other  means  of  communication,  and  the  whole  island  is  covered 
with  a  dense  jungle  of  trees,  45  meters  high.  The  interior  part 
of  the  island  is  accessible  by  only  a  few  native  trails.  On  such 
a  trip  one  can  see  ahead  for  a  distance  of  not  more  than  3 
meters.  A  general  view  of  the  landscape  can  be  had  only 
from  a  ship  along  the  coast  and  sometimes  along  the  broad 
rivers  or  from  grass-covered  places  surrounding  native  settle- 
ments. The  indigenous  Papuan  population  is  scant  in  number 
and  consists  mostly  of  nomadic  tribes  of  a  very  low  degree  of 
civilization. 

The  country  explored  comprises  a  part  of  the  northern  coast, 
about  96  kilometers  deep,  between  the  British  frontier  and  the 
mouth  of  Memberamo  River.  Within  this  area  the  following 
morphological  divisions  were  recognized: 

1.  The  Cyclops  Mountains  and  the  Bougainville  Mountains, 
which  are  partly  in  Dutch  and  partly  in  Australian  territory. 
The  last-mentioned  mountains  are  composed  of  crystalline  schists 
which  cause  them  to  contrast  strongly  with  the  next  terrane 
of  softer  and  hence  less-resistant  rocks. 

2.  A  foothill  belt  which  contains  some  'striking  ridges,  the 
rocks  of  which  are  composed  of  marine  Neocene  sediments. 

3.  A  low,  swampy,  coastal-plain  belt  and  the  uplifted  coral- 
reef  plains  of  Nimboeran  and  Tami. 

The  snow-covered  central  mountains  are  still  so  remote  that 
they  could  not  be  observed  by  the  investigating  party  even  in 
clear  weather  from  the  top  of  Mount  Dafonsers,  about  1,950 
meters,  a  high  peak  in  the  Cyclops  Range. 

THE  NORTH  COAST  OF  NEW  GUINEA 

The  north  coast  of  New  Guinea  from  the  mouth  of  Membe- 
ramo River  to  Cape  Kamdara  is  so  low  as  to  afford  no  safe 
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shelter  for  passing  ships.  From  Cape  Kamdara  to  Humboldt 
Bay  a  notable,  rugged-cliffed  coast  occurs.  This  coast  is  cut 
into  headlands  and  minor  crescentic  bays  which  afford  landing 
places  for  small  craft  such  as  praos  and  tonkhcCngs.  On  each 
side  of  the  Cyclops  Mountains  is  a  large  bay :  Tanah  Mera  Bay 
on  the  west,  and  Humboldt  Bay  on  the  east;  both  bays  offer 
some  protection  against  the  heavy  swells  of  the  open  Pacific 
Oc^n.  A  small  sand  spit  cuts  off  the  upper  portion  of  Hum- 
boldt Bay,  forming  an  extensive  lagoon  which  is  marked  upon 
the  published  maps  as  Jotefa  Bay.  Eastward  from  Jotefa 
Lagoon,  the  low  area  is  succeeded  by  a  cliffed  coast  in  the 
vicinity  of  Cape  Djar.  This  cliffed  coast  continues  to  the  village 
of  Sko.  From  this  village  to  the  mouth  of  Tami  River  the 
shore  is  level,  but  from  this  stream  a  steep,  cliffed  coast  again 
occurs  and  continues  as  such  into  Australian  territory. 

In  the  low-lying  portions  of  the  north  shore  all  the  large 
rivers,  such  as  the  Memberamo,  the  Apauwar,  and  the  Tor, 
are  forming  distinct  deltas  in  striking  contrast  with  the 
smaller  streams  tfee  currents  of  which  are  not  sufficient  to  com- 
pete with  the  strong  ocean  currents  that  sweep  the  mud  and 
sand  along  the  strand.  The  shore  of  the  low-lying  coastal  por- 
tions is  sandy  along  its  entire  extent  and  forms  the  main 
highway  of  this  portion  of  New  Guinea.  The  beach,  which  is 
only  about  50  to  105  meters  wide,  is  really  a  sand  spit  behind 
which  there  are  several  open  lagoons  and  swampy  plains  built 
up  by  the  filling  in  of  former  lagoons.  These  lagoons  and 
swampy  plains,  from  6  to  10  kilometers  in  width,  are  generally 
impossible  to  traverse  and,  on  this  account,  the  only  way  to 
reach  the  interior  of  the  country  is  by  the  few  known  trails  or 
by  the  rivers.  Most  of  the  small  rivers  have  widened  parts  in 
their  lower  courses  which  parallel  the  coast  line  and  are  sep- 
arated from  it  by  a  narrow  sandy  spit  through  which  the  rivers 
cut  new  mouths  during  storms.  In  my  opinion,  these  widened 
portions  of  the  streams  are  the  last  remaining  parts  of  a  larger 
lagoon  of  by-gone  days,  from  which  the  rivers  ran  on  their  way 
to  the  sea. 

Lake  Rombebai  in  Memberamo  River  Valley  is  very  evidently 
a  lagoon  which  has  been  left  a  goodly  distance  inland  by  the 
rapid  extension  of  the  delta  of  Memberamo  River.  Former 
lagoons  are  seen  also  in  the  set  of  canals  south  of  Kampong 
Mataboor  on  the  same  river.  How  quick  the  process  of  filling 
in  of  a  lagoon  is  can  be  estimated  by  the  presence  of  ironwood 
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girders  which  are  now  found  behind  the  lagoons  at  Wiroewai  in 
the  middle  of  nipa  woods.  These  girders,  according  to  the  na- 
tives, are  relics  of  former  lake  dwellings  in  open  lagoons. 

UPLIFTED  CORAL  REEF  PLAINS 

The  swampy  shore  plain  has  two  deep  bays  directed  into  the 
interior  of  the  island.  The  large  ramified  plain  of  Tami  River 
and  its  tributaries  borders  one  of  these  bays,  and  the  other  is 
bordered  by  the  Nimboeran  Plain  which  runs  in  a  southeasterly 
direction  along  Grime  and  Moaif  Rivers.  Both  plains  are  only 
a  few  meters  above  sea  level,  and  their  surfaces  are  interrupted 
by  several  swamps  which  are  impassable  even  in  the  dry  season. 
These  swamps  are  not  widened  portions  of  rivers,  but  are  clearly 
structural  depressions  indicating  gentle  folding,  or  faulting; 
that  is,  shallow  synclines,  flexures,  or  grabens. 

The  Tami  Plain  is  surrounded  on  all  sides  by  uplifted  coral 
reefs.  Everywhere  the  limestone  shows  coral  structure,  and 
sometimes  small  foraminifers  and  colored  molluscan  shells  occur. 
No  signs  of  stratification  were  noted.  In  the  middle  of  Tami 
Plain,  the  subrecent  coral  reefs  form  low  irregular  plateaus  not 
higher  than  60  meters  above  sea  level.  Passing  toward  Hum- 
boldt Bay  and  the  Australian  boundary  they  protrude  succes- 
sively to  heights  of  300  to  450  meters. 

The  coral  limestone  was  undoubtedly  formed  in  a  period  of 
submergence  of  the  land  at  the  time  the  above-mentioned  de- 
pressions were  still  bays.  It  is,  however,  inexplicable  that  the 
reefs  appear  from  the  sea  level  up  to  heights  of  more  than  390 
meters.  If  we  admit  a  submergence  of  the  entire  northern  part 
of  New  Guinea  to  a  390-meter  level,  then  most  of  the  foothill 
region  would  have  been  flooded ;  but  no  real  subrecent  coral  lime- 
stone was  ever  found  in  these  parts.  Moreover,  in  that  case 
erosion  of  the  foothill  region  should  have  come  to  a  standstill 
prior  to  the  submergence.  The  390-meter  ridge  that  separates 
Nimboeran  Plain  from  the  sea  is,  however,  covered  with  coral 
limestone  and,  outside  of  the  foothill  region,  uplifted  coral  reefs 
also  occur. 

While  the  northern  ridges  which  end  in  Cape  Djar  appear  to 
be  wholly  composed  of  coralline  limestone,  the  coral  reefs  on 
the  eastern  side  rest  upon  folded  Neocene  strata  which  are  ex- 
posed beneath  the  limestone  in  limited  areas,  in  windowlike 
fashion. 

Distinctive  terracing  can  be  seen  only  in  the  coral  limestone 
east  of  Tami  River  mouth  and  in  Tarfia  Bay.     At  Tami  River 
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mouth,  the  uplifted  coral  reef  which  forms  a  striking,  105-meter 
border  elevated  around  the  Bougainville  Mountains  is  a  notable 
landmark  for  the  mariner.  In  Tarfia  Bay  region  two  easily 
distinguished  terraces  at  105  and  390  meters  are  present.  If 
both  of  these  indicate  periods  of  standstill  while  the  coral  reefs 
were  forming,  then  these  periods,  without  doubt,  were  of  short 
duration,  since  no  traces  of  coral  reefs  are  found  in  the  Cyclops 
Mountains. 

The  coral  limestone  south  of  Sentani  Lake  appears  as  un- 
connected relics  on  the  Tertiary  hills  which  seem  to  represent 
parts  of  a  formerly  coherent  cover  that  extended  between  the 
plains  of  Nimboeran  and  Tami. 

THE  FOOTHILLS  OF  TERTIARY  ROCKS 

This  terrane  consists  for  the  greater  part  of  low,  broad, 
vaulted  hills  with  slow-flowing  rivers  between  them.  There  are, 
however,  some  conspicuous  high  ridges  which  have  an  east  and 
west  or  a  northwest  and  southeast  trend.  There  are,  for  in- 
stance, the  Van  Rees,  the  Gauttier,  the  Foja,  the  Karamoor,  and 
the  Sidoas-Dabe  Mountains  and,  eastward,  one  or  two  ridges 
north  of  the  watershed  of  Idenberg  River.  All  of  these  ridges 
consist  of  hard  conglomerate  or  of  crystalline  schists,  since 
these  rocks  were  resistant  to  erosion,  in  contrast  to  the  weaker 
Tertiary  strata  which  for  the  most  part  were  eroded  long  ago. 
As  far  as  we  observed  the  hilly  land,  it  consists  chiefly  of 
Neocene  sediments  with  crystalline  schists  in  minor  amounts. 
Our  brigades,  however,  penetrated  only  to  some  localities  in 
the  watershed  of  Idenberg  River.  From  the  observations  by 
Van  Gelder  on  Memberamo  River  and  the  work  of  Feuilleteau 
de  Bruiyn  on  Idenberg  River,  it  is  evident  that  the  young  Ter- 
tiary reaches  to  the  so-called  lake  plain  and  eastward  to  the 
foot  of  the  Central  Mountains. 

The  Neocene  has  at  its  base  a  breccia;  then  a  transgression 
conglomerate,  Lepidocyclina  limestone,  Globigerina  marls,  fos- 
siliferous  sandstone,  claystones,  and  a  brown  coal  member  are 
seen.  The  total  thickness  is  about  2,700  meters.  The  frag- 
mental  rocks  composing  the  breccia  are  andesite,  basalt,  and 
tuffaceous  sandstone,  indicating  a  period  of  vulcanism  in  mid- 
Tertiary  time.  This  is  in  marked  contrast  with  the  upper  mem- 
bers in  which  no  volcanic  rocks  have  been  found.  It  is  our 
opinion  that  during  the  Miocene  period  this  part  of  New  Guinea 
must  have  had  active  volcanoes  which  no  longer  exist.  In 
the  lower  conglomerates  we  found  also  pebbles  of  a  black  slate  or 
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clay  schist  in  which  traces  of  macrocephalites  and  Inoceramics 
sp.  were  embedded.  As  the  size  of  the  pebbles  in  the  conglom- 
erates diminishes  from  the  coast  southward,  the  place  of  origin 
of  these  pebbles  probably  must  be  sought  on  the  bottom  of  the 
Pacific.  During  Miocene  time  an  island  or  continent,  whose 
rocks  were  Jurassic  strata,  supplied  the  south-flowing  streams 
with  these  pebbles.  The  peculiar  stratigraphy  of  the  Neocene 
strata  reenforces  this  hypothesis  since  the  young  Tertiary 
strata  are  compressed  to  a  steep  inclination  and  are  even  over- 
turned in  a  northerly  direction.  With  the  exception  of  local 
disturbances  and  divergences,  this  folding  tendency  manifests 
itself  throughout  the  whole  region;  that  is  to  say,  the  folding 
force  was  a  thrust  from  the  south  probably  against  a  solid 
island  mass  which  was  located  at  a  point  now  covered  by  Pa- 
cific waters.  This  hypothesis  receives  further  support  when 
folding  in  the  vicinity  of  smaller  solid  masses  is  studied.  At 
places  on  the  coast  where  crystalline  mountains  are  developed 
it  is  quite  clear  that  these  have  done  service  as  massives  for 
the  coming  young  Tertiary  folding.  At  places  along  the  north 
coast  where  crystalline  mountains  are  absent,  the  same  charac- 
ter of  the  Neocene  strata  to  lean  upon  something  still  exists. 
Hence,  it  is  believed  that  a  block  exists  to  the  north  of  the 
present  shore. 

Proceeding  southward  from  the  shore,  as  indicated  above,  the 
first  Neocene  strata  seen  dip  to  the  south.  Incidentally,  it  must 
be  remarked  that  it  is  difficult  to  construct  cross  sections  from 
the  scattered  observations  that  it  is  possible  to  obtain.  In  con- 
sequence of  complex  folding,  strike  and  dip  vary  greatly  from 
place  to  place.  To  separate  the  major  folding  from  the  minor 
undulations  in  the  different  layers,  it  is  necessary  to  make  a 
continuous  series  of  observations.  For  New  Guinea,  it  is  not 
yet  possible  to  decide  whether  the  crystalline  schists  have  suf- 
fered Neocene  folding  or  separated  from  the  Neocene  strata 
by  planes  of  shearing  in  the  same  manner  as  the  Jura  and  the 
Molasse  in  Switzerland.  In  some  places  the  chlorite  schists  or 
serpentines  form  the  axis  of  an  anticline  and  appear  to  have 
taken  part  in  the  folding  process,  but  elsewhere  the  evidence  is 
not  clear. 

If  one  takes  into  consideration  the  large  air  saddles  in  the 
Neocene  foldings  and  imagines  the  exceedingly  great  quantities 
of  eroded  rock,  the  conclusion  must  be  that  the  young  Tertiary 
is  in  a  far-advanced  stage  of  erosion.  Looking  out  from  a  sum- 
mit over  the  calm,  undulating,  and  but  slightly  featured  land- 
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scape  that  hides  such  violent  folding  beneath,  one  is  indeed 
struck  with  this  antithesis.  However,  the  stage  of  erosion  is 
not  everywhere  the  same.  In  the  higher  portions  of  the  Van 
Rees-Gauttier  Mountains  and  in  the  neighborhood  of  the  water- 
shed of  the  Idenberg  River  cascades,  steep  ravines,  landslides, 
and  shearing  are  the  woof  and  warp  of  the  structural  fabric. 
It  is  not  certain  whether  this  high  relief  is  caused  by  the  greater 
hardness  of  the  rocks  or  by  the  rejuvenescence  of  the  erosion. 
That  in  this  portion  of  the  country  still  unbalanced  tectonic 
tensions  exist  can  be  deduced  from  two  phenomena ;  namely,  the 
strong  earthquakes  noticed  in  this  part  of  New  Guinea  and  the 
activity  of  the  numerous  mud  wells. 

From  these  mud  wells  mud,  hot  salt  water,  and  methane  gas 
without  any  petroleum  odor  slowly  ascend.  The  wells  some- 
times build  mud  volcanoes  to  a  height  of  about  4  to  10  meters 
and  cover  a  circle  90  to  300  meters  in  diameter,  thus  killing  all 
vegetation.  These  mud  wells  are  seldom  found  on  anticlines,  but 
occur  chiefly  on  steeply  dipping  strata  in  which  no  subterranean 
reservoirs  can  be  supposed  to  exist  and  sufficient  hydrostatic 
pressure  is  out  of  the  question.  The  high  temperature  of  the 
water — sometimes  125°  F. — and  the  presence  around  the  mud 
volcanoes  of  rock  fragments  as  large  as  one's  hand  prove  the 
deep  origin  of  the  mud.  These  pieces  of  rock  correspond  to  the 
rocks  in  the  outcrops  of  the  vicinity  and  they  may  be  regarded 
as  "drilling  samples"  of  the  fissures  from  whence  the  salt  water 
ascends.  In  my  opinion,  a  reasonable  explanation  of  these  wells 
is  that  active  compressional  forces  still  exist  in  the  already  com- 
pressed Tertiary  strata.  Through  dynamic  processes,  these  pres- 
sures form  methane  gas  from  the  organic  substance  in  the  rocks 
and  expel  the  connate  water  still  present  in  the  strata. 

THE  OLDER  COAST  MOUNTAINS 

On  the  north  coast  of  Dutch  New  Guinea,  there  is  only  one 
crystalline  chain — ^the  Cyclops  Mountains,  which  rise  steeply 
from  the  sea  to  a  height  of  1,950  meters  in  form  like  a  coulee. 
These  mountains  are  composed  of  albite-chlorite,  serpentine,  pa- 
ragonite  schists,  and  amphibolites  with  some  gabbro  and  diabase 
masses  on  their  flanks. 

Near  141°,  east  meridian,  the  Australian  boundary,  the  sec- 
ond chain  of  crystalline  schist  mountains  (the  so-called  Bou- 
gainville-Hartmann  Mountains)  begins.  Farther  eastward,  in 
the  Australian  territory,  there  is  a  series  of  similar  mountains  : 
the  Toricelli,  the  Prince  Alexander,  and  the  Finisterre.     South 
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of  these  mountains  are,  as  in  Dutch  territory,  Neocene  sedi- 
ments that  extend  into  the  great  plain  of  the  Sepik  River.  This 
plain  is  analogous  to  the  so-called  lake  plain  of  the  Idenberg 
River  Valley.  This  region  was,  at  the  time  of  our  exploration, 
under  examination  by  the  petroleum  geologists  of  the  Anglo- 
Persian  Company.  As  far  as  I  can  learn  from  verbal  commu- 
nications and  newspaper  reports,  the  Tertiary  strata  are  folded 
as  they  are  in  Idenberg  River  Valley.  / 

Farther  west  of  the  region  that  we  studied,  in  Dutch  territory, 
no  crystalline  schist  mountains  appear.  Parallel  with  the  coast 
is  a  series  of  islands  the  most  eastern  of  which  are  pure  coral, 
but  the  western  ones  are  built  partly  of  serpentine.  It  is  quite 
possible  that  the  coral  islands  are  formed  upon  the  summits  of 
a  sunken  chain  of  mquntains.  Beyond  this  chain  of  islands, 
which  parallels  the  coast,  still  farther  west  lies  Jappen  Island, 
a  high  mountain  ridge,  composed  of  serpentine  and  other  crys- 
talline rocks.  This  information  was  derived  through  a  study 
of  the  rock  collection  of  ex-assistant  Resident  Schroeder.  It  is 
probable  that  the  island  of  Jappen  rests  on  a  broad  crystalline 
shelf  of  massive  character.  This  island  being  the  most  westerly 
of  all  the  crystalline  massives  has  to  its  southwest  an  open 
space  of  sea  where  probably  the  gently  northward  turning  of  the 
crystalline  mountain  chain  takes  place.  Incidentally,  while  hypo- 
theses are  being  advanced,  according  to  Suess'  scheme,  these 
crystalline  mountains  are  relics  of  a  ruined  Pacific  continent. 

CONCLUSION 

Some  general  deductions  for  the  whole  of  New  Guinea  will 
now  be  given.  The  crystalline  mountain  chains  are,  both  from 
geologic  position  and  from  tectonic  action,  quite  comparable 
to  the  Vosges,  the  Blackwood,  and  the  Bohemian  massives.  Fur- 
ther, the  young  Tertiary  mountains  are  formed  by  being 
pressed  against  the  massive  crystallines,  thus  occupying  a  posi- 
tion analogous  to  that  of  the  Molasse  Mountains  of  Europe. 
From  some  general  considerations  and  from  the  data  supplied 
by  the  photographs  of  the  Central  Range,  taken  by  Doctor 
Hubrecht,  it  appears  probable  that  the  front  of  the  Central 
Mountains  is,  like  that  of  the  Alps,  directed  to  the  north.  If 
this  be  true,  then  the  whole  of  New  Guinea  was  folded  by  a 
pressure  which  was  exerted  from  the  south  toward  the  north. 
This  folding  direction  corresponds  to  the  observations  of  Wan- 
ner, Molengraaff,  and  Brouwer,  who  also  suppose  an  overfolding 
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in  the  same  general  direction  as  the  Timor-Ceram  arc,  which 
is,  in  part,  parallel  to  the  New  Guinea  mountain  ranges. 

The  large  swampy  depressions  at  the  south  foot  of  the  Cen- 
tral Mountains  in  South  New  Guinea  are  similar  to  the  Po 
Plain  in  upper  Italy,  or  to  the  Ganges  Plain  at  the  south  foot 
of  the  Himalayas.  Most  remarkable  of  all  is  the  conclusion 
that  out  of  the  old  Tethys  have  been  formed  three  chains  of 
mountains — ^the  Alps,  the  Himalayas,  and  the  Central  Mountains 
of  New  Guinea — which  have  the  same  trend,  the  same  texture, 
and  the  same  tectonics. 


ILLUSTRATIONS 

Plate  1 

Map  of  New  Guinea,  showing  location  of  oil,  gold,  platinum,  and  copper 
deposits. 

Plate  2 

Map  showing  part  of  the  north  coast  of  New  Guinea. 

Plate  3 

Panoramic  view  of  the  Jotefa  Lagoon.  The  uplifted  Pleistocene  coral 
reefs  of  Cape  Djar  show  on  the  right  of  the  upper  picture;  two 
tops  of  the  Bougainville  Mountains  show  in  the  background  on  the 
left  of  the  lower  picture. 
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Fellow  of  the  Zoological  Society  of  London  and  of  the  Entomological 
Society   of   London 

Stephanus  curtus  sp.  nov. 

Female. — Frons  arcuate  rugose,  ocellar  space  rugose;  vertex 
with  three  carinse  behind  ocelli;  occiput  transrugose-punctate ; 
posterior  margin  of  head  finely  bordered.  Second  flagellar  joint 
one  and  a  half  times  as  long  as  first,  third  as  long  as  first  and 
second  together.  Neck  short,  apically  coarsely,  basally  more 
finely  trans-striolate,  semiannular  apically  centrally  trans-strio- 
late,  with  narrow  posterior  and  broad  lateral  smooth  margins. 
Mesonotum  coarsely,  partly  confluently  punctate,  scutellum 
coarsely  punctate.  Mesopleurse  smooth  above,  punctate  beneath. 
Metapleurse  and  median  segment  rugose  punctate,  separated  by 
a  coarsely  rugose  sulcus.  Petiole  trans-striate,  basally  more 
coarsely,  apically  smooth  polished,  only  half  as  long  as  the  re- 
maining smooth  polished  segments ;  terebra  a  little  shorter  than 
body,  subapical  band  yellowish.  Hind  coxse  with  finer  striation 
between  coarse  rugosities;  femora  smooth,  bidentate;  tibiae  a 
little  longer  than  femora,  compressed  to  middle. 

Black;  head  and  scape  red,  anterior  legs  rufescent.  Wings 
inf uscate,  centrally  darker ;  stigma  and  nervures  red-brown. 

Borneo,  Sandakan  (C.  F,  Baker). 

Characterized  by  the  very  short  petiole  and  hind  tibiae. 

Stephanus  brevicoxis  sp.  nov. 

Female. — Frons  arcuate  rugose,  vertex  with  five  carinae  be- 
hind ocelli;  occiput  rugose;  posterior  margin  of  head  bordered. 
Second  flagellar  joint  one  and  a  half  times  as  long  as  first,  third 
not  much  longer  than  second.  Neck  transrugose,  centrally 
longitudinally  impressed  throughout,  semiannular  very  finely 
and  diffusely  punctate.  Mesonotum  coarsely  and  partly  con- 
fluently punctate ;  scutellum  punctate ;  mesopleurae  smooth  above, 
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punctate  beneath;  metapleurse  coarsely  punctate,  separated 
from  the  cribrate  punctate  median  segment  by  a  broad  rugose 
sulcus.  Petiole  transrugose,  shorter  than  the  remaining  seg- 
ments. Terebra  shorter  than  body,  with  broad  subapical  white 
band.  Hind  coxae  transrugose,  hardly  as  long  as  the  smooth 
bidentate  femora;  tibiae  as  long  as  femora  and  trochanters 
together,  compressed  to  middle;  tibiae  and  femora  with  fine 
piliferous  punctures. 

Black;  head,  scape,  anterior  legs,  and  hind  tarsi  more  or  less 
rufescent.  Wings  slightly  infuscate,  centrally  much  darker; 
stigma  and  nervures  nigrorufous. 

Length,  22  millimeters;  abdomen,  13;  petiole,  5.5;  terebra, 
19;  white  band,  4;  black  apex,  1. 

Borneo,  Sandakan  (Baker). 

Very  much  like  S,  curtus  sp.  nov.  differing  in  the  shorter  third 
flagellar  joint,  longer  petiole,  and  hind  tibiae.  Distinguished 
from  S.  coronator  Fabricius,  especially  by  the  much  shorter 
petiole,  terebra,  and  hind  coxae. 

Stephanus  variantius  sp.  nov. 

Female. — Frons  coarsely  arcuately  rugose;  vertex  with  three 
strong  carinae  behind  ocelli;  occiput  centrally  impressed  and 
arcuate  carinate,  laterally  reticulate  punctate;  posterior  margin 
of  head  bordered.  Scape  longer  than  checks;  second  flagellar 
joint  slightly  more  than  twice  as  long  as  first,  third  shorter 
than  first  and  second  together.  Neck  transcarinate,  semian- 
nular  polished  smooth  with  a  few  fine  punctures.  Mesonotum 
shining,  with  a  central  row  of  oblong  punctures,  and  beyond  the 
smooth  space  on  each  side  are  six  or  seven  transverse  impres- 
sions and  a  few  punctures;  scutellum  centrally  smooth,  lateral 
lobes  coarsely  punctate.  Mesopleurae  smooth  above,  closely  and 
rather  finely  punctate  beneath ;  metapleurae  smooth  above,  other- 
wise somewhat  coarsely  punctate,  separated  by  a  transrugose 
sulcus  from  the  rugose  punctate  median  segment.  Petiole 
shorter  than  rest  of  abdomen,  which  is  rather  dull,  first  segment 
more  shining.  Terebra  longer  than  body,  rufescent  with  broad 
white  or  yellowish  subapical  band.  Hind  coxae  coarsely  trans- 
rugose, slightly  shorter  than  the  smooth  bidentate  femora ;  tibiae 
rather  longer  than  femora  and  trochanters  together,  compressed 
in  basal  third. 

Black;  face,  mandibles  basally,  anterior  legs,  hind  trochan- 
ters, and  tarsi  dark  red;  abdominal  segments  2  to  5  with  a 
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more  or  less  distinct  apical  rufescent  macula.  Wings  infumate 
evenly;  stigma  and  nervures  dark  brown. 

Length,  22  to  31.5  millimeters;  abdomen,  14  to  21;  petiole,  6 
to  9;  terebra,  25  to  33. 

Mindanao,  Davao  (Baker) . 

This  species  is  almost  indistinguishable  from  S.  furcatiis  Le- 
peletier  and  Serville  from  South  America.  The  mesonotum 
and  scutellum  are  more  coarsely  sculptured,  and  it  differs  also 
in  the  color  of  the  legs  and  the  abdominal  markings.  The  two 
specimens  vary  enormously  in  size,  but  are  identical  in  sculpture. 

Stephanus  impressus  sp.  nov. 

Female, — Frons  with  U-shaped  striae  commencing  at  the  level 
of  the  intermediate  tubercles,  and  with  two  transverse  striae  at 
apex;  vertex  with  three  arcuate  carinas  behind  ocelli;  occiput 
arcuate  rugose ;  posterior  margin  of  head  finely  bordered.  Scape 
shorter  than  cheeks;  antennae  normal.  Neck  transcarinate, 
semiannular  smooth,  with  a  few  fine  punctures.  Mesonotum 
rugose  punctate,  central  line  of  punctures  distinct;  central  lobe 
of  scutellum  smooth,  with  a  distinct  narrow  longitudinal  sulcus, 
lateral  lobes  strongly  punctate.  Mesopleurae  basally  rugose, 
apically  smooth  above,  punctate  beneath;  metapleurae  punctate, 
separated  from  the  cribrate  punctate  median  segment  by  a 
smooth  sulcus.  Petiole  trans-striate,  basally  more  coarsely,  as 
long  as  the  remaining  smooth  segments.  Terebra  longer  than 
body,  black  with  broad  subapical  white  band.  Hind  coxae  trans- 
rugose,  apically  more  finely,  as  long  as  the  bidentate  femora; 
tibiae  as  long  as  femora  and  trochanters  together,  compressed 
to  middle. 

Black;  head  (except  apex  of  mandibles),  scape,  abdomen  (ex- 
cept petiole),  anterior  legs,  hind  tarsi,  radix,  and  tegulae  rufes- 
cent.   Wings  lightly  infuscate,  centrally  somewhat  darker. 

Length,  26  millimeters;  abdomen,  17;  petiole,  8.5;  terebra, 
80;  white  band,  4;  black  apex,  2. 

Mindanao,  Davao  {Baker). 

Differs  from  S,  coronator  Fabricius  in  the  sculpture  of  occiput 
and  mesonotum,  and  in  the  impressed  scutellum;  from  S.  reti- 
culatus  sp.  nov.  also  in  the  sculpture  of  mesopleurae  and  median 
segment. 

Stephanus  reticulatus  sp.  nov. 

Female. — Frons  arcuate  rugose;  vertex  with  three  arcuate 
carinae  behind   ocelli;   occiput   centrally   basally  trans-striate. 
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otherwise  reticulate  punctate;  posterior  margin  of  head  finely 
bordered.  In  ocellar  space  above  ocellus  a  semicircle  of  gran- 
ules, below  it  a  smooth  subtriangular  space  bounded  by  raised 
lines,  on  each  side  of  which  are  short  oblique  carinas.  Scape 
shorter  than  cheeks;  antennse  normal.  Neck  coarsely  trans- 
carinate,  with  broad  impression  on  anterior  half  above;  semi- 
annular  smooth  and  shining.  Mesonotum  with  large  diffuse 
punctures,  the  central  row  distinct.  Scutellum  smooth,  lateral 
lobes  sparsely  punctate,  marginal  punctures  not  deep.  Meso- 
pleurse  smooth  above,  punctate  beneath,  metapleurse  smooth 
above,  as  is  also  the  median  segment,  which  has  two  apical 
transverse  carinae.  Petiole  trans-striate,  rather  shorter  than 
rest  of  abdomen.  Terebra  longer  than  body,  white-banded. 
Hind  coxse  with  fine  striation  between  coarser  rugosities,  rather 
shorter  than  the  smooth  bidentate  femora;  tibiae  as  long  as 
femora  and  trochanters,  compressed  to  middle. 

Black;  head  and  scape  red,  apex  of  mandibles  and  apices 
of  frontal  tubercles  black;  anterior  legs,  hind  tibiae,  and  tarsi 
rufescent.     Wings  infumate,  centrally  darker. 

Length,  19  miUimeters;  abdomen,  12;  petiole,  5.5;  terebra, 
22;  white  band,  3;  black  apex,  2. 

SiBUYAN  (Baker), 

Distinguished  especially  by  the  reticulate  sculpture  of  the 
metapleurae  and  median  segment. 

Stephanns  coronator  Fabricius. 

Female. — Two  specimens  from  Dapitan,  Mindanao.  The  only 
differences  appear  to  be  that  the  petiole  is  as  long  as,  instead 
of  a  little  shorter  than,  remainder  of  abdomen;  the  sulcus 
separating  metapleurae  and  median  segment  is  smooth  in  one 
specimen,  and  the  legs  are  chiefly  red. 

Length,  22  to  24  millimeters;  abdomen,  14  to  16;  petiole,  7 
to  8;  terebra,  27  to  29. 

Stephanus  ducalis  Westwood. 

Female. — This  example  agrees  with  Westwood's  species  in 
everything  essential.  The  petiole  is  as  long  as  rest  of  abdomen 
and  apically  smooth,  also  the  anterior  legs  are  red.  I  do  not 
consider  these  differences  sufficient  to  set  up  a  new  species. 

Length,  20  millimeters;  abdomen,  13;  petiole,  6.5;  terebra, 
24. 

Palawan,  Puerto  Princesa  (Baker) . 
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Stephanus  sulcatus  sp.  nov. 

Female. — Frons  subarcuate  transrugose;  vertex  arcuate  stri- 
ate ;  occiput  apically  arcuately,  basally  more  transversely  striate, 
a  distinct  broad  longitudinal  impression  on  vertex  and  occiput; 
posterior  margin  of  head  bordered.  Scape  longer  than  cheeks; 
antennae  normal.  Neck  trans-striate,  semiannular  smooth. 
Mesonotum  coarsely,  partly  confluently  punctate;  scutellum 
smooth.  Mesopleurae  punctate;  metapleurae  coarsely  punctate, 
separated  by  a  smooth  space  from  the  cribrate  punctate  median 
segment.  Petiole  trans-striate,  apically  smooth,  as  long  as  the 
remaining  shining  segments ;  second  segment  with  extreme  base 
rugose.  Terebra  longer  than  body,  white-banded.  Hind  coxae 
with  strong  transverse  rugosities,  femora  smooth,  bidentate; 
tibise  as  long  as  femora  and  trochanters,  compressed  not  quite 
to  middle. 

Black;  head  red,  with  a  black  longitudinal  streak  across  ver- 
tex and  occiput;  scape  red,  anterior  legs  and  hind  trochanters 
rufescent.     Wings  infumate,  centrally  darker. 

Length,  17  millimeters;  abdomen,  11;  petiole,  5.5;  terebra,  23. 

Mindanao,  Surigao  {Baker). 
^  This  species,  like  several  others  from  Mindanao,  bears  a  strong 
resemblance  to  S.  ducalis  Westwood  in  the  impressed  occiput, 
red  head,  and  centrally  darker  wings.  It  differs  in  the  sculpture 
of  mesonotum  and  mesopleurae,  and  in  the  smooth  apex  of 
petiole. 

Parastephanellus  caudatus  sp.  nov. 

Female. — Frons,  ocellar  space,  and  vertex  finely  trans-striate ; 
occiput  smooth  and  shining;  posterior  margin  of  head  bordered. 
Scape  slightly  longer  than  cheeks ;  antennae  normal.  Prothorax 
and  mesothorax  smooth,  latter  with  the  central  and  lateral  rows 
of  punctures  distinct.  Scutellum  smooth  with  a  few  diffuse 
punctures.  Mesopleurae  smooth  above,  basally  alutaceous;  me- 
tapleurae smooth  above,  punctate  beneath,  separated  by  a  fine 
trans-striate  sulcus  from  the  median  segment,  which  is  apically 
rugose,  otherwise  dull,  owing  to  extremely  fine,  almost  micro- 
scopic sculpture,  and  with  large,  well-separated  punctures.  Pe- 
tiole trans-striate,  as  long  as  the  rest  of  the  smooth  shining 
abdomen.  Terebra  about  half  as  long  again  as  body,  rufescent. 
Hind  coxae  transrugose;  femora  smooth,  tridentate;  tibiae  as 
long  as  femora  and  trochanters,  compressed  to  a  little  beyond 
middle. 
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Black;  head  dark  red,  a  whitish  streak  on  each  side  under  eyes, 
meeting  above  base  of  mandibles;  legs  rufescent,  middle  meta- 
tarsi basally  pale.     Wings  hyaline. 

Length,  13  millimeters;  abdomen,  8;  petiole,  4;  terebra,  20. 

Borneo,  Sandakan  (Baker). 

The  length  of  the  terebra  and  the  sculpture  of  the  median  seg- 
ment are  distinctive. 

Parastephanellus  mfescens  sp.  nov. 

Female. — Frons  basally  arcuate  striate,  becoming  almost 
smooth  a.pically;  vertex  with  two  short  strong  carinae  behind 
ocelli;  centrally  and  basally  rugose,  laterally  smooth;  occiput 
entirely  smooth;  posterior  margin  of  head  finely  bordered. 
Scape  about  as  long  as  cheeks;  second  flagellar  joint  one  and 
a  half  times  as  long  as  first,  third  shorter  than  first  and  second 
together.  Neck  impressed  in  front,  extremely  finely  trans- 
striate,  semiannular  centrally  smooth  and  diffusely  punctate, 
laterally  obliquely  striate.  Mesonotum  centrally  smooth,  with 
the  three  rows  of  punctures  distinct,  laterally  slightly  irregu- 
larly rugose;  scutellum  smooth,  lateral  lobes  diffusely  punctate. 
Mesopleurse  smooth  above,  punctate  beneath ;  metapleurse  rugose 
punctate,  separated  from  the  coarsely  but  not  deeply  punctate 
median  segmeait  by  a  narrow  sulcus.  Petiole  trans-striate,  a 
little  longer  than  the  remaining  shining  smooth  segments.  Te- 
rebra longer  than  body,  rufescent.  Hind  coxse  with  fine  stria- 
tion  between  coarser  rugosities ;  hind  femora  smooth,  tridentate, 
their  tibiae  as  long  as  femora  and  trochanters,  compressed  in 
basal  two-thirds. 

Black;  head  rufotestaceous,  with  a  flavous  line  under  eyes; 
vertex  and  occiput  dark  red,  pronotum  rufescent,  prothorax  be- 
neath, propleurse,  anterior  legs,  and  hind  tarsi  rufotestaceous, 
hind  femora  and  tibise  rufescent.     Wings  hyaline. 

Length,  10  millimeters;  abdomen,  6.5;  petiole,  3.5;  terebra,  13. 

Mindanao,  Davao  (Baker). 

A  slender,  delicate  insect.  It  has  the  pale  line  under  the 
eyes,  which  appears  characteristic  of  this  subgenus,  but  wants 
the  usual  white  metatarsi. 

Parastephanellus  similis  sp.  nov. 

Female. — Frons  and  vertex  trans-striate ;  occiput  and  temples 
smooth;  posterior  margin  of  head  very  finely  bordered.     Scape 
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longer  than  cheeks;  antennae  normal.  Prothorax  and  meso- 
thorax  smooth  and  shining,  the  latter  with  the  usual  three 
rows  of  punctures  and  a  few  other  small  scattered  punctures. 
Scutellum  smooth.  Mesopleurse  basally  finely  trans-striolate, 
punctate  beneath;  metapleurse  and  median  segment  coarsely 
punctate,  separated  by  a  rather  fine  rugose  sulcus.  Petiole 
trans-striate,  apically  smooth,  as  long  as  the  rest  of  the  smooth 
shining  abdomen.  Terebra  slightly  longer  than  body,  black. 
Hind  coxae  trans-striate,  femora  smooth,  tridentate;  tibiae  rather 
longer  than  femora,  compressed  in  basal  two-thirds. 

Black;  head,  scape,  and  first  flagellar  joint  ruf otestaceous ; 
middle  metatarsi  basally  and  hind  ones  entirely  whitish.  Wings 
hyaline. 

Length,  13  millimeters;  abdomen,  8;  petiole,  4;  terebra,  15. 

Borneo,  Sandakan  {Baker) . 

Very  much  like  P.  cavdatics  sp.  nov.,  but  differs  in  the  sculpture 
of  median  segment,  in  the  much  shorter  terebra  and  hind  tibiae, 
and  in  color.  ♦ 

Parastephanellus  impunctatus  sp.  nov. 

Female. — Frons  finely  irregularly  rugose;  vertex  finely  gran- 
ulate rugose;  occiput  nearly  smooth;  posterior  margin  of  head 
bordered.  Antennae  normal.  Neck  very  short,  apically  deeply 
impressed,  laterally  obliquely,  basally  transversely  striate,  semi- 
annular  comparatively  large  and  smooth.  Mesonotum  with  a 
central,  almost  smooth,  impressed  line  in  place  of  the  usual  row 
of  punctures,  otherwise  irregularly  punctate.  Scutellum  smooth, 
marginal  punctures  distinct.  Mesopleurae  finely  alutaceous; 
metapleurae  and  median  segment  coarsely  punctate,  separated 
by  a  narrow  transrugose  sulcus  and  a  carina.  Petiole  a  little 
shorter  than  the  rest  of  abdomen,  finely  trans-striate,  apically 
smooth,  remaining  segments  smooth  shining.  Terebra  a  little 
longer  than  body,  black.  Hind  coxae  coarsely  transrugose,  their 
femora  smooth,  tridentate,  tibiae  a  little  longer  than  femora,  com- 
pressed in  basal  two-thirds. 

Black ;  head  red,  darker  on  vertex ;  scape  and  base  of  flagellum 
ruf  otestaceous ;  anterior  legs  and  hind  tibiae  dark  rufescent;  all 
metatarsi  pale,  yellowish  white  except  at  apex. 

LfCngth,  13.5  millimeters;  abdomen,  8.5;  petiole,  4;  terebra,  15. 

Borneo,  Sandakan  (Baker). 

Especially  characterized  by  the  short  neck  and  impunctate 
middle  line  on  mesonotum. 
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Parastephanellus  monticola  sp.  nov. 

Female. — Frons  with  fine  strise  obliquely  downward  toward 
the  center  line ;  vertex  trans-striate ;  three  carinse  behind  ocelli ; 
occiput  and  temples  entirely  smooth.  Scape  a  little  longer  than 
cheeks;  flagellar  joints  normal.  Posterior  margin  of  head  bor- 
dered. Neck  very  short,  pronotum  smooth.  Mesonotum  cen- 
trally smooth,  the  three  rows  of  punctures  distinct,  laterally 
with  some  short  irregular  impressions.  Mesopleurse  finely  trans- 
striate,  scarcely  punctate  beneath;  metapleurse  smooth  above, 
rugose  beneath,  separated  by  a  narrow  rugose  sulcus  from  the 
median  segment,  which  is  reticulate  punctate,  apically  more 
coarsely.  Petiole  trans-striate,  as  long  as  the  remaining  shining 
segments.  Terebra  longer  than  body,  black.  Hind  coxse  trans- 
rugose,  slightly  longer  than  the  shining  tridentate  femora;  ti- 
bise  compressed  in  basal  two-thirds,  little  longer  than  the  femora. 

Black;  head  and  base  of  antennse  red,  vertex  nigrescent,  an 
indistinct  rufotestaceous  line  under  eyes.  Anterior  legs  rufes- 
cent,  their  metatarsi  flavescent,  the  hind  ones  white. 

Length,  10.5  to  11.5  millimeters;  abdomen,  6.5  to  7;  petiole, 
3.5  to  3.75;  terebra,  12  to  13. 

Luzon,  Bataan  Province,  Mount  Limay.  Negros,  Oriental 
Negros  Province,  Cuernos  Mountains  (Baker) . 

This  species  is  distinguished  by  the  extremely  large  cubital 
cell  and  the  elongate  stigma.  In  the  smaller  example  the  an- 
terior metatarsi  are  darker,  and  the  apex  of  petiole  is  rufescent. 

Parastephanellus  curticoUis  sp.  nov. 

Female. — Frons  shagreened,  apically  more  trans-striate;  an- 
terior tubercle  very  small;  vertex  with  three  carinse;  occiput 
finely  trans-striate ;  posterior  margin  of  head  bordered.  Anten- 
nae normal.  Neck  extremely  short,  pronotum  smooth  and  shin- 
ing. Mesonotum  centrally  smooth,  basally  finely  striate; 
scutellum  smooth.  Mesopleurse  basally  and  above  finely  trans- 
striate,  sparsely  punctate  beneath;  metapleurse  and  median 
segment  coarsely,  but  not  deeply  or  closely  punctate,  separated 
by  a  punctate  sulcus.  Petiole  trans-striate,  longer  than  rest 
of  the  shining  segments.  Terebra  longer  than  body,  black. 
Hind  coxsB  trans-striate,  about  as  long  as  the  shining  tridentate 
femora;  tibise  longer  than  femora,  compressed  about  to  middle. 

Black;  head  and  base  of  antennse  rufotestaceous;  petiole, 
apex  of  penultimate  abdominal  segment  dorsally,  point  below 
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terebra,  and  legs  rufescent;  hind  metatarsi  flavescent.  Wings 
hyaline. 

Length,  9  millimeters;  abdomen,  6;  petiole,  3;  terebra,  11. 

Borneo,  Sandakan  {Baker), 

The  sculpture  of  frons,  the  small  anterior  tubercle,  and  the 
short  neck  distinguish  this  species. 

Foenatopus  flavifrons  sp.  nov. 

Male, — Frons  finely  trans-striate,  almost  granulate;  vertex 
and  occiput  more  coarsely  trans-striate.  Scape  longer  than 
cheeks;  second  flagellar  joint  one  and  a  half  times  as  long  as 
first,  third  nearly  as  long  as  first  and  second  together.  Pro- 
notum  trans-striate,  with  smooth  posterior  border.  Mesonotum 
rather  short,  coarsely,  confluently  punctate.  Mesopleurae  above 
basally  aciculate,  apically  smooth,  punctate  below;  metapleurse 
and  median  segment  coarsely  punctate,  confluent,  the  latter 
with  a  few  short  carinas  at  apex.  Petiole  trans-striate,  shorter 
than  the  feebly  shining  remainder  of  abdomen.  Hind  coxse 
transrugose;  femora  tridentate;  tibise  as  long  as  femora  and 
trochanters  together,  compressed  in  basal  two-thirds. 

Black;  face,  frons,  palpi,  base  of  antennae,  and  a  broad  streak 
under  eyes  testaceous,  rest  of  head  red,  vertex  paler.  Anterior 
legs  rufescent,  hind  metatarsi  mostly  whitish.  Basal  and  cen- 
tral femoral  teeth  white.  Wings  hyaline,  stigma  and  nervures 
dark  brown. 

Singapore  {Baker), 

This  species  somewhat  resembles  F,  rugiceps  Elliott,  female, 
and  may  well  be  its  male. 

Diastephanus  elegantulus  sp.  nov. 

Female, — Frons  finely  trans-aciculate ;  vertex  with  two  cari- 
nas; occiput  trans-striate,  temples  smooth;  posterior  margin  of 
head  bordered.  Second  flagellar  joint  one  and  a  half  times  as 
long  as  first,  third  nearly  as  long  as  first  and  second  together. 
Pronotum  smooth,  neck  elongate.  Mesonotum  very  finely  punc- 
tate, central  row  of  punctures  distinct;  scutellum  smooth. 
Mesopleurae  smooth  above,  very  finely  punctate  beneath;  meta- 
pleurae  and  median  segment  finely,  diffusely,  and  somewhat 
superficially  punctate.  Petiole  finely  trans-striate,  shorter  than 
the  remaining  shining  segments.  Terebra  shorter  than  body, 
pale  rufescent.     Hind  coxae  trans-striate,  much  longer  than  the 
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smooth,  tridentate  femora ;  tibiae  longer  than  femora,  compressed 
to  beyond  middle. 

Rufescent,  median  segment  almost  black;  head  and  base  of 
antennae  testaceous,  vertex  and  occiput  red.  Anterior  legs  pale 
rufescent,  the  middle  metatarsi  white  except  apex.  Wings  hy- 
aline, strongly  iridescent. 

Length,  8  millimeters;  abdomen,  5;  petiole,  2;  terebra,  7. 

Borneo,  Sandakan  (Baker). 

Not  unlike  D.  gracilis  KiefFer,  but  differs  in  having  only  two 
carinse  on  vertex,  posterior  margin  of  head  bordered,  and 
altogether  finer  sculpture. 

Biastephanus  varicolor  sp.  nov. 

Female. — Head  chiefly  trans-striate,  temples  and  base  of  occi- 
put smooth;  two  carinse  on  vertex  behind  ocelli.  Scape  longer 
than  cheeks ;  flagellum  normal.  Neck  elongate,  very  finely  trans- 
striate,  basal  half  laterally  punctate,  semiannular  smooth, 
irregularly  diffusely  punctate.  Mesonotum  smooth;  scutellum 
smooth,  diffusely  punctate  centrally,  lateral  lobes  with  a  few 
large  punctures  in  upper  angles.  Mesopleurse  basally  longitu- 
dinally striate,  diffusely  punctate  beneath;  metapleurse  and  me- 
dian segment  coarsely  punctate,  almost  confluent,  the  division 
marked  by  a  line  of  finer  punctures.  Petiole  trans-striate,  as 
long  as  the  remaining  feebly  shining  segments;  terebra  shorter 
than  body,  rufescent,  with  broad  flavous  subapical  band.  Hind 
coxse  trans-striate,  femora  smooth,  bidentate,  tibiae  rather  longer 
than  femora,  compressed  to  a  little  beyond  middle. 

Black ;  face,  f rons,  cheeks,  temples,  and  base  of  antennae  ruf 0- 
testaceous,  prothorax,  anterior  femora,  hind  tibiae,  and  ventral 
segments  more  or  less  rufescent;  anterior  tibiae  flavous,  meta- 
tarsi and  femoral  teeth  white.     Wings  subhyaline. 

Length,  14  millimeters;  abdomen,  8;  petiole,  4;  terebra,  12. 

Mindanao,  Davao  (Baker). 

Not  unlike  D.  leucodontus  Schlett.,  but  the  anterior  frontal 
tubercle  is  present,  and  the  sculpture  of  the  median  segment  is 
very  different. 

Diastephanus  albonotatus  sp.  nov. 

Female. — Frons  flnely  trans-striate;  anterior  frontal  tubercle 
wanting;  vertex  coarsely,  the  short  occiput  more  finely  trans- 
striate;  posterior  margin  of  head  finely  bordered.  Antennae 
normal;  cheeks  longer  than  scape.  Pronotum  smooth;  neck 
elongate.     Mesonotum  smooth  and  shining,  with  a  few  small 
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punctures.  Metapleurae  and  median  segment  coarsely  but  not 
deeply  punctate,  the  latter  basally  centrally  smooth. 

Petiole  finely  trans-striate,  as  long  as  the  remaining  shining 
segments.  Terebra  shorter  than  body,  white-banded.  Hind 
coxse  coarsely  trans-striate,  longer  than  the  bidentate  femora; 
tibiae  as  long  as  femora  and  trochanters,  compressed  to  beyond 
middle. 

Black ;  head  and  base  of  antennae  ruf  otestaceous,  vertex  dark- 
er; a  conspicuous  white  round  spot  on  each  side  of  second 
abdominal  segment,  the  other  segment  more  or  less  pale  marked. 
Femoral  teeth  pure  white. 

In  the  larger  specimen  from  Sibuyan  the  anterior  legs  are 
rufo-testaceous,  the  middle  metatarsi  whitish,  and  the  tibiae  dark 
rufescent.  In  the  Sandakan  specimen  the  middle  metatarsi  are 
rufescent,  the  hind  ones  white  except  at  apex. 

Length,  10  to  11  millimeters;  abdomen,  6;  petiole,  3;  tere- 
bra, 7. 

Sibuyan.    Borneo,  Sandakan  (Baker). 

These  specimens  have  a  strong  resemblance  to  Z>.  leucodontits 
Schlett.,  especially  in  the  absence  of  the  anterior  frontal  tu- 
bercle. The  two  specimens  differ  in  the  proportions  of  the 
flagellar  joints,  the  sculpture  of  the  metapleurae,  and  the  ab- 
dominal markings,  especially  in  the  conspicuous  round  white 
spot  on  second  segment. 
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NEW  MUSCOID  FLIES  OF  THE  ORIENTAL,  AUSTRALIAN, 
AND  AFRICAN  FAUNAS 

By  Charles  H.  Tyler-Townsend 
Of  Itaquaquecetuba^  Sao  Paulo,  Brazil 

The  majority  of  the  forms  here  treated  were  sent  me  by  Prof. 
C.  F.  Baker,  dean  of  the  College  of  Agriculture,  University  of 
the  Philippines,  and  pertain  to  the  Oriental  fauna.  Besides 
these,  several  new  genera  are  here  erected  on  species  belonging 
either  to  the  same  fauna  or  to  the  neighboring  Australian  and 
African  faunas. 

Tribe  BENGALIINI 

Genus  EUBENGALIA  novum 

Genotype,  Bengalia  depressa  Walker,  Sudan  to  Cape  of  Good 
Hope. 

^  Differs  from  Bengalia  Robineau-Desvoidy  by  the  fulcrum  not 
being  projected  anteriorly  beyond  the  epistoma  like  a  second 
oral  margin ;  and  from  Auchmeromyia  Brauer  and  Bergenstamm 
by  Rr,  being  finely  bristled  about  halfway  to  Rg. 

Tribe  GLAUROCARINI 

Genus  HOMOTBIXODES  novum 

Genotype,  Eupododexia  diaphana  Villeneuve,  Madagascar. 

Differs  from  Eupododexia  Villeneuve  by  palpi  reaching  oral 
margin,  in  the  male  vertex  about  one-third  eye  width,  abdomen 
cylindric,  second  apparent  abdominal  segment  with  one  median 
marginal  bristle  and  one  median  discal  bristle  in  pairs,  third 
apparent  abdominal  segment  with  marginal  row  and  one  me- 
dian discal  bristle  in  pair. 

Tribe  ACEMYINI 

Genus  EOACEMYIA  novum 

Genotype,  Eoacemyia  bakeri  sp.  nov.,  Singapore. 

Head  little  wider  than  high,  flattened-semicircular  in  profile; 
frontal  profile  much  exceeding  facial  profile,  arcuate ;  facial  pro- 
file in  rounded  curve  save  vibrissal  bulge ;  oral  profile  short  and 
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arcuate ;  occipital  profile  not  bulged  below ;  clypeus  nearly  flush, 
no  facial  carina;  epistoma  wide,  produced  downward  in  clypeal 
plane;  facialia  bare,  flattened-cordlike,  as  wide  as  paraf acialia ; 
vibrissse  decussate,  far  above  oral  margin  in  the  male  but  near 
oral  margin  in  the  female;  vibrissal  axis  nearly  equal  to  anten- 
nal  axis;  proboscis  little  over  half  head  height;  palpi  slender, 
scarcely  thickened  at  tip ;  antennal  axis  hardly  three-fifths  head 
height;  second  antennal  joint  short;  third  antennal  joint  one 
and  one-half  times  to  twice  second  antennal  joint,  not  strongly 
mucronate  but  upper  apical  corner  sharply  angular ;  arista  long, 
bare,  thickened  one-fourth  or  so,  basal  joints  short;  eyes  bare, 
descending  below  vibrissal  level;  vertex  of  female  rather  over 
one-fourth  head  width,  front  equilateral;  male  vertex  hardly 
one-fifth  head  width,  front  widening  anteriorly;  face  widening 
from  front  in  male  and  female;  frontal  bristles,  1  below  base 
of  antennae;  vertical  bristles,  1  in  male  and  female;  proclinate 
fronto-orbital  bristles,  2  in  female,  none  in  male;  reclinate 
fronto-orbital  bristles,  2  in  male  and  female;  frontalia  equilat- 
eral in  male  and  female,  rather  over  width  of  1  paraf rontal  in 
middle;  ocellar  bristles  apparently  absent;  paraf rontalia  equi- 
lateral in  the  female,  narrowed  posteriorly  in  the  male;  para- 
facialia  bare,  somewhat  narrowed  below,  about  as  wide  as 
facialia  inverted;  cheeks  (female)  not  one-fifth  eye  length,  those 
of  the  male  not  one-sixth  eye  length ;  thorax  as  wide  as  abdomen, 
narrower  than  head;  sternopleural  bristles,  2  in  the  female,  1 
in  the  male;  2  postintraalar  bristles,  3  postsutural  bristles  or 
dorsocentrals,  2  preacrostichal  bristles,  3  postacrostichal  bris- 
tles, 2  lateral  scutellar  bristles;  apical  pair  of  scutellar  bristles 
strong,  decussate ;  no  discal  scutellar  bristles ;  prescutum  shorter 
than  postscutum ;  costal  spine  none  or  small ;  Ri  bare,  terminat- 
ing far  beyond  Rq  in  the  male  but  about  opposite  Rg  in  the 
female;  R5  with  1  bristle  at  base;  apical  cell  very  narrowly 
open  nearly  in  tip;  bend  of  fourth  long  vein  a  rounded  obtuse 
angle,  one-fourth  wing  width  from  hind  margin  of  wing;  Mj 
bent  in  evenly,  parallel  to  hind  margin  of  wing  in  the  male  but 
not  in  the  female ;  M3  straight  to  crooked,  not  far  from  middle 
between  bend  of  fourth  long  vein  and  Rg;  Ci  bare,  last  section 
of  fifth  vein  short;  squamae  wide,  rounded  behind;  metatarsi 
not  equal  to  tarsi  except  metatarsi;  front  tarsi  in  the  female 
normal;  in  the  male  claws  elongate;  form  narrowed,  abdomen 
long  and  narrow-ovate;  no  median  marginal  bristles  on  first 
apparent  abdominal  segment ;  1  median  marginal  bristle  on  sec- 
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ond  apparent  abdominal  segment;  marginal  row  on  third  and 
fourth  apparent  abdominal  segments. 

Eoacemyia  bakeri  sp.  nov. 

Length  of  body,  6  to  6.5  millimeters;  length  of  wing,  5  to 
5.5.     Both  sexes,  Singapore  (Baker). 

Head  silvery  white;  frontalia  black;  antennae  and  palpi  ful- 
vous, third  antennal  joint  brownish  on  apical  half;  thorax  and 
scutellum  black,  rather  thinly  silvery  pollinose;  4  black  thoracic 
vittae,  inner  pair  linelike;  abdomen  black,  silvery  on  basal  half 
of  last  3  segments;  legs  brownish  to  blackish,  tarsi  blackish; 
wings  nearly  clear;  squamae  nearly  white. 

Tribe  URODEXIINI 

Urodexia  siamensis  Tyler-Townsend. 

A  female  specimen,  Singapore  (Baker)  y  possesses  special 
interest  as  being  the  first  female  Urodexia  known,  with  the 
exception  of  the  specimen  described  by  Brauer  and  Bergenstamm 
as  Prodegeeria  javana,  which  is  a  female  of  Urodexia  penicillum 
Osten-Sacken. 

Tribe  ZELIINI 

Genus  CYSTOMETOPIA  novum 

Genotype,  Heterometopia  rufipalpis  Macquart,  ^  Australia. 

Differs  from  Heterometopia  Macquart  by  having  the  anten- 
nae inserted  below  eye  middle,  small;  frontalia  linear;  parafa- 
cialia  wide;  cheeks  nearly  half  eye  length;  Mg  nearer  to  bend  of 
fourth  long  vein ;  legs  slender,  the  tarsi  elongate. 

Tribe  MINTHOINI 

Genus  EOMINTHO  novum 

Genotype,  Eomintho  equatorialis  sp.  nov.,  Singapore. 

Head  somewhat  wider  than  high;  frontal  profile  a  little  ar- 
cuate, not  much  longer  than  facial  profile ;  facial  profile  straight 
and  a  little  receding;  oral  profile  straight  and  shorter  than 
facial  profile;  occipital  profile  but  little  bulged  below;  clypeus 
flush,  over  twice  as  long  as  wide;  no  facial  carina;  epistoma 
cut  off  short,  in  clypeal  plane;  facialia  bare,  flattened-cordlike ; 
vibrissae  decussate,  on  oral  margin  and  even  with  lower  border 
of  head;  vibrissal  axis  a  little  less  than  antennal  axis,  latter 
fully  two-thirds  head  height;  proboscis  stout,  about  two-thirds 

*  Brauer  and  Bergenstamm,  Muse.  Schiz.  1:   135,  fig.  259a. 
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head  height,   labella   large;   palpi   elongate,    slender;   antennae 
reaching  vibrissal  level  in  the  male  but  far  short  of  same  in 
the  female;  second  antennal  joint  short,  with  1  very  long  bristle; 
third  antennal  joint  of  male  about  five  times  second  antennal  joint 
and  moderately  narrow,  that  of  the  female  four  times  second 
antennal  joint  and  very  narrow,  equilateral,  truncate;  arista 
long,  thinly  plumose  to  tip;  eyes  bare,  reaching  well  short  of 
vibrissal  level ;  vertex  in  the  male  not  over  one-fifth  head  width, 
front  widening  anteriorly;  vertex  in  the  female  scarcely  one- 
fifth  head  width;  face  in  both  sexes  widening  from  front  at 
same  angle  as  latter;  frontal  bristles  stopping  at  base  of  an- 
tennae; vertical  bristles  1  in  the  male  and  2  in  the  female,  inner 
decussate;   proclinate  fronto-orbital   bristles  2   in   the  female, 
none  in  the  male;  reclinate  fronto-orbital  bristles  1,  male  and 
female;  frontalia   (male  and  female)   very  narrow,  narrowing 
posteriorly,  about  one-half  width  of  1  parafrontal  in  middle; 
ocellar   bristles   absent;   parafacialia   bare,    narrow,   narrowed 
nearly  to  a  line  below;   cheeks  one-sixth  to  one-seventh  eye 
length;  thorax  narrower  than  head  and  wider  than  abdomen; 
2  sternopleural  bristles,  3  postintraalar  and  postsutural  bristles 
or   dorsocentrals,    1    preacrostichal    bristle,    no   postacrostichal 
bristles,  1  strong  lateral  scutellar  bristle ;  apical  pair  of  scutellar 
bristles  smaller,  decussate ;  no  discal  scutellar  bristles ;  prescutum 
much  shorter  than  postscutum;  costal  spine  distinct  but  short; 
Rj  bare,  terminating  beyond  R^  in  the  male  but  opposite  Rg  in 
the  female ;  Rr,  bristled  halfway  or  more  to  R,, ;  apical  cell  closed 
nearly  in  tip  of  male,  well  open  in  female;  bend  of  fourth  long 
vein  a  rounded  right  angle,  hardly  one-fifth  wing  width  from 
hind  margin  of  wing;  M,  evenly  bowed  in;  M..  crooked,  near 
middle   (between  R,,  and  bend  of  fourth  long  vein)  ;  C,   bare, 
last  section  of  fifth  vein  very  short ;  squamae  not  large,  rounded- 
subangular  on  inner  corner;  legs  elongate,  tarsi  long;  middle 
and  hind  metatarsi  equal  to  tarsi  except  metatarsi;  front  tarsi 
in  the  female  compressed  and  claws  minute;  male  claws  very 
short;  abdomen  compressed  laterally  in  male  and  female,  long- 
subelliptic  in  profile,  nearly  twice  as  long  as  thorax;  first  ap- 
parent abdominal  segment  with  1  strong  median  marginal  bris- 
tle ;  second  apparent  abdominal  segment  with  1  median  marginal 
and  1  median  discal  bristle;  third  apparent  abdominal  segment 
with  same  or  at  times  marginal  row ;  fourth  apparent  abdominal 
segment  with  marginal  row  and  1  median  discal  bristle. 
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Eomintho  equatorialis  sp.  nov. 

Length  of  body,  7  to  8  millimeters;  length  of  wing,  5  to  6.5. 
Both  sexes,  Singapore  {Baker). 

Head,  pleura,  and  coxse  silvery,  parafrontalia  shining  black 
through  the.  thin  pollen;  frontalia  black;  antennse  and  palpi 
brownish;  mesoscutum  and  scutellum  black,  thinly  silvery;  2 
heavy  wide  black  thoracic  vittae;  abdomen  black,  intermediate 
segments  of  abdomen  silvery  on  basal  half,  fourth  apparent 
abdominal  segment  silvery  except  narrow  base;  legs  brownish 
to  blackish;  wings  smoky  at  base  and  tip  costally;  squamse 
whitish. 

Tribe  PALPOSTOM ATINI 

Genus  PSEUDOPALPOSTOMA  novum 

Genotype,  Palpostoma  desvoidyi  Aldrich,  Cairns,  North 
Queensland. 

Differs  from  Palpostoma  Robineau-Desvoidy  by  male  front 
being  no  wider  than  anterior  ocellus;  parafacialia  narrower 
than  third  antennal  joint;  2  stemopleural  bristles;  1  strong 
median  marginal  bristle  on  second  apparent  abdominal  seg- 
^ment,  with  space  between  same  and  rest  of  marginal  row. 

Tribe  CALIRRHOINI 

Genus  PmilPPODEXIA  novum 

Genotype,  Philippodexia  longipes  sp.  nov..  Mount  Maquiling, 
Luzon,  P.  I. 

Head  about  as  wide  as  high ;  frontal  profile  a  little  less  than 
twice  facial  profile,  arcuate;  facial  profile  short,  set  nearly  in 
middle  of  anterior  aspect  of  profile  of  head ;  oral  profile  arcuate, 
shorter  than  frontal  profile  but  nearly  matching  it;  occipital 
profile  a  little  bulged  below;  clypeus  narrow,  twice  as  long  as 
wide,  considerably  sunken;  facial  carina  narrow,  rather  sharp 
and  of  good  height,  somewhat  separating  antennae;  epistoma 
full  width,  warped,  not  half  as  long  as  wide;  facialia  bare, 
narrow-cordlike;  vibrissas  decussate,  above  oral  margin,  vibris- 
sal  axis  slightly  less  than  antennal  axis,  latter  about  three- 
fourths  head  height;  proboscis  short  and  stout,  haustellum  not 
over  half  head  height,  labella  large;  palpi  long,  slender,  subcy- 
lindric;  antennae  inserted  distinctly  below  eye  middle;  second 
antennal  joint  very  short;  third  antennal  joint  in  the  male  about 
four  times  second  antennal  joint,  narrowing  peglike  to  tip; 
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arista  thinly  long-plumose  to  tip,  basal  joints  short;  eyes  bare, 
pushed  forward  below,  reaching  far  short  of  vibrissal  level; 
male  vertex  about  one-sixth  head  width,  front  widening  gently 
at  first  and  then  rapidly;  face  widened  rapidly  from  front, 
about  three-fifths  head  width  in  middle;  frontal  bristles  stop- 
ping at  base  of  antennae,  very  closely  approximated  to  edge  of 
f rontalia ;  vertical  bristles  2  in  the  male,  outer  weak,  inner  decus- 
sate; male  with  neither  proclinate  fronto-orbital  bristles  nor 
reclinate  fronto-orbital  bristles;  f rontalia  strongly  narrowed 
posteriorly  in  male,  about  twice  the  width  of  1  parafrontal  in 
middle;  ocellar  bristles  1  strong  proclinate  approximated  pair, 
and  others  proclinate  behind  it ;  paraf rontalia  widened  anteriorly 
and  approaching  the  longitudinal-vertical  plane  but  more  flat- 
tened posteriorly;  parafacialia  bare,  oblique  to  clypeal  plane, 
equilateral,  nearly  equal  to  clypeal  width ;  cheeks  about  half  eye 
length  in  the  male;  thorax  as  wide  as  head  and  a  little  wider 
than  abdomen;  2  strong  sternopleural  bristles,  2  postintraalar 
bristles,  3  postsutural  bristles  or  dorsocentrals  behind  suture, 
2  preacrostichal  and  postacrostichal  bristles,  2  strong  lateral 
scutellar  bristles ;  apical  pair  of  scutellar  bristles  rather  strong, 
decussate;  1  rather  strong  discal  scutellar  bristle;  prescutum 
about  equal  to  postscutum;  wings  long  and  narrow  in  the  male; 
no  costal  spine;  R^  bare,  terminating  opposite  insertion  of  M^ 
and  far  beyond  R^;  R5  bristled  only  at  base;  apical  cell  well 
open  just  before  tip;  bend  of  fourth  long  vein  an  obtuse  angle, 
hardly  one-sixth  wing  width  from  hind  margin  of  wing,  rather 
rounded;  M^  bent  in  at  base,  then  parallel  to  hind  margin  of 
wing;  M2  not  produced  in  either  stump  or  wrinkle;  M3  strongly 
sinuate,  its  length  from  bend  of  fourth  long  vein ;  C^  bare,  last 
section  of  fifth  vein  very  short ;  squamae  of  moderate  'size,  an- 
gular on  inner  corner;  legs  long,  tarsi  very  elongate  in  the 
male;  hind  tibiae  with  about  5  bristles;  metatarsi  long  but  not 
equal  to  tarsi  except  metatarsi ;  male  claws  very  elongate ;  male 
abdomen  long,  narrow,  ovoconic,  not  twice  as  long  as  thorax 
as  seen  in  profile;  1  strong  median  marginal  bristle  on  first 
and  second  apparent  abdominal  segments,  marginal  row  on  third 
and  fourth  apparent  abdominal  segments;  male  hypopygium 
rather  large,  in  wide  subcaudal  opening. 

Philippodexia  longipes  sp.  nov. 

Length  of  body,  11.5  millimeters;  length  of  wing,  10.5.     Male, 
Mount  Maquiling,  Luzon,  P.  I.  {Baker). 
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Head  silvery  whitish,  with  a  faintly  yellowish  silken  luster; 
frontalia,  antennae,  and  palpi  pale  yellowish  fulvous;  thorax 
and  scutellum  thickly  very  light  golden  poUinose,  the  posterior 
half  of  postscutum  and  base  of  scutellum  blackish;  4  thoracic 
vittse,  outer  heavy  and  black,  inner  linelike  and  grayish,  merged 
in  blackish  of  anterior  postscutum;  abdomen  pale  yellow,  the 
median  vitta,  fourth  apparent  abdominal  segment  and  posterior 
half  of  third  apparent  abdominal  segment  blackish  brown,  hind 
border  of  second  apparent  abdominal  segment  fuscous,  last  sec- 
tion of  fifth  vein  fuscous  laterally  on  posterior  border;  legs 
fulvous  yellowish,  tarsi  dusky;  wings  light  yellow  costally,  rest 
pale  smoky  yellowish;  squamse  smoky  yellowish. 

Genus  EOPTILODEXIA  novum 

Genotype,  Eoptilodexia  longipes  sp.  nov.,  Baguio,  Benguet 
Subprovince,  Luzon,  P.  I. 

Head  as  high  as  wide ;  frontal  profile  nearly  one  and  one-half 
times  facial  profile,  arcuate ;  facial  profile  concave  save  for  facial 
carina;  oral  profile  fully  as  long  as  facial  profile,  arcuate;  oc- 
cipital profile  somewhat  bulged  below ;  clypeus  little  sunken,  not 
one  and  one-half  times  as  long  as  wide ;  facial  carina  well  marked, 
narrow,  not  separating  antennse;  epistoma  full  width,  not  as 
long  as  wide,  well  warped;  facialia  bare,  narrow-cordlike;  vi- 
brissae  decussate,  well  above  oral  margin;  vibrissal  axis  fully 
equal  to  antennal  axis,  latter  about  three-fourths  head  height; 
proboscis  slender,  fully  head  height,  haustellum  over  half  head 
height,  labella  not  large;  palpi  long,  slender-clublike  in  the 
female,  little  thickened  at  tip  in  the  male;  antennae  inserted  a 
little  below  eye  middle;  second  antennal  joint  very  short;  third 
antennal  joint  narrow-peglike,  four  and  one-half  times  second 
antennal  joint  in  the  male,  about  four  times  second  antennal 
joint  in  the  female;  arista  short,  thickly  long-plumose  to  tip; 
eyes  bare,  obliquely  set,  not  reaching  vibrissal  level;  male  ver- 
tex little  over  one-seventh  head  width,  female  one-fourth  head 
width,  front  widening  rapidly  anteriorly ;  face  strongly  widened 
from  front,  over  half  head  width  in  middle  in  the  male,  nearly 
three-fifths  head  width  in  the  female;  frontal  bristles  stopping 
at  base  of  antennae,  long,  10  to  12  thickly  placed  in  the  male 
but  only  5  pairs  in  the  female;  vertical  bristles  2  in  male  and 
female,  outer  short,  inner  not  decussate;  proclinate  fronto- 
orbital  bristles  2  in  the  female,  none  in  the  male;  reclinate 
f ronto-orbital  bristles  1  in  the  female,  none  in  the  male ;  frontalia 
well  narrowed  posteriorly  in  the  male  and  nearly  twice  the 
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width  of  1  parafrontal  in  middle,  little  narrowed  posteriorly 
in  the  female  and  about  equal  to  width  of  1  parafrontal  in  mid- 
dle; oceilar  bristles  long,  proclinate;  parafacialia  bare,  equilat- 
eral, about  two-thirds  elypeal  width,  oblique  to  clypeal  plane; 
cheeks  about  half  eye  length  in  the  female,  a  little  less  in  the 
male;  thorax  as  wide  as  head  and  anterior  half  of  abdomen; 
3  strong  sternopleural  bristles,  2  postintraalar  bristles,  3  post- 
sutural  bristles  or  dorsocentrals  behind  suture,  1  preacrostichal 
bristle,  2  postacrostichal  bristles,  2  long  lateral  scutellar  bris- 
tles; apical  pair  of  scutellar  bristles  long,  decussate;  1  rather 
long  discal  scutellar  bristle  pair;  prescutum  about  equal  to 
postscutum ;  wings  rather  long  and  narrow ;  strong  costal  spine ; 
Ri  bare,  terminating  far  beyond  Re;  R^  bristled  only  at  base; 
apical  cell  well  open  a  little  before  tip ;  bend  of  fourth  long  vein 
an  angular  right  angle,  hardly  one-sixth  wing  width  from  hind 
margin  of  wing;  M^  deeply  bowed  in,  crooked,  middle  portion 
subparallel  to  hind  margin  of  wing ;  Mo  prolonged  in  short  stump 
in  line  with  vein;  M3  strongly  sinuate,  its  length  from  bend  of 
fourth  long  vein;  C,  bare,  last  section  of  fifth  vein  very  short: 
squamae  moderately  large,  subrounded-angular  on  inner  corner; 
legs  long,  tarsi  very  elongate  in  male  and  female  but  especially 
so  in  the  male;  hind  tibiae  with  very  sparse  hairs;  metatarsi 
long  but  not  equal  to  tarsi  except  metatarsi;  front  tarsi  in  the 
female  very  slender ;  male  claws  very  long,  in  the  female  short ; 
abdomen  in  the  female  short-conic,  that  of  the  male  long-conic 
with  fourth  apparent  abdominal  segment  strongly  conic  and  cut 
off  obliquely  below  in  profile;  1  strong  median  marginal  bristle 
on  first  2  segments,  marginal  row  on  last  2  segments,  3  shorter 
median  discal  bristles  on  last  3  segments;  male  hypopygium 
ventral,  in  slit,  not  large;  female  hypopygium  caudal. 

Eoptilodexia  longipes  sp.  nov. 

Length  of  body,  9  to  13  millimeters;  length  of  wing,  9  to  10 
(body  and  wing  both  measure  9  millimeters  in  the  female). 
Both  sexes,  Baguio,  Benguet  Subprovince,  Luzon,  P.  I.  (Baker) . 

Head  brassy  silvery ;  f rontalia  dark  brown ;  antennae  and  palpi 
pale  fulvous  yellow,  bases  dusky;  thorax  and  scutellum  thickly 
brassy  silvery;  4  black  thoracic  vittse,  outer  heavy,  inner  half 
as  wide,  inner  and  outer  of  each  side  approximated;  abdomen 
light  yellow,  the  median  vitta,  fourth  apparent  abdominal  seg- 
ment, and  narrow  posterior  margins  of  intermediate  segments 
of  abdomen  blackish  brown,  the  intermediate  segments  of  ab- 
domen in  the  female  more  broadly  black  on  hind  border,  fourth 
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apparent  abdominal  segment  thinly  silvery ;  legs  blackish  brown ; 
wings  faintly  and  evenly  pale  smoky;  squamae  pale  smoky. 

Genus  EOMYOCERA  novum 

Genotype,  Eomyocera  carinata  sp.  nov.,  Penang  Island. 

Head  higher  than  wide;  frontal  profile  about  one  and  three- 
fifths  times  facial  profile,  gently  arcuate;  facial  profile  short, 
a  little  receding;  oral  profile  longer  than  facial  profile,  strongly 
arcuate ;  occipital  profile  somewhat  bulged  below ;  clypeus  a  little 
sunken,  about  twice  as  long  as  wide;  facial  carina  strong,  rather 
high,  narrow,  separating  antennae;  epistoma  about  half  as  long 
as  wide,  nearly  full  width,  not  warped;  facialia  bare,  cordlike, 
gently  bowed,  not  wide ;  vibrissse  decussate,  above  oral  margin ; 
vibrissal  axis  a  little  less  than  antennal  axis,  latter  fully  two- 
thirds  head  height;  proboscis  very  short  and  stout,  haustellum 
little  longer  than  labella;  palpi  subcylindric,  not  long,  not  very 
stout ;  antennae  inserted  distinctly  below  eye  middle,  not  reaching 
end  of  facial  carina;  second  antennal  joint  short;  third  antennal 
joint  in  the  male  a  little  over  three  times  second  antennal  joint; 
arista  short,  thickly  long-plumose  to  tip;  eyes  bare,  pushed 
forward  below,  not  reaching  vibrissal  level;  male  vertex  little 
over  one-seventh  head  width,  front  widening  gently  at  first  and 
then  rapidly;  face  widening  rapidly  from  front,  about  three- 
fifths  head  width  in  middle;  frontal  bristles  stopping  at  base 
of  antennae;  vertical  bristles  2  in  the  male,  outer  very  short, 
inner  not  decussate;  neither  proclinate  fronto-orbital  bristles 
nor  reclinate  fronto-orbital  bristles  in  the  male;  frontalia  in 
the  male  strongly  narrowed  posteriorly,  little  over  width  of  1 
parafrontal  in  middle;  ocellar  bristles  strong,  proclinate,  ap- 
proximated; parafrontalia  widening  anteriorly,  at  about  45''  to 
longitudinal-vertical  plane ;  paraf acialia  bare,  equilateral,  nearly 
equal  to  clypeal  width,  oblique  to  clypeal  plane;  cheeks  in  the 
male  nearly  half  eye  length ;  thorax  as  wide  as  head  and  wider 
than  abdomen;  2  strong  sternopleural  bristles,  2  postintraalar 
bristles,  3  postsutural  bristles  or  dorsocentrals  behind  suture, 
2  weak  preacrostichal  bristles,  probably  1  postacrostichal  bris- 
tle, 2  strong  lateral  scutellar  bristles;  apical  pair  of  scutellar 
bristles  strong,  decussate;  1  rather  strong  discal  scutellar  bristle; 
prescutum  about  equal  to  postscutum;  wings  rather  broad  and 
narrowing  apically;  strong  costal  spine;  R^  bare,  terminating 
well  beyond  Rg ;  R5  bristled  only  on  basal  fourth,  bearing  about 
5  bristles;  apical  cell  well  open  just  before  tip;  bend  of  fourth 
long  vein  V-like,  one-sixth  wing  width  from  hind  margin  of 
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wing;  M^  bent  in  strongly  at  base  and  faintly  at  tip,  nearly 
parallel  to  hind  margin  of  wing;  Mg  nearer  to  bend  of  fourth 
long  vein,  sinuate;  Ci  bare,  last  section  of  fifth  vein  very  short; 
squamse  rather  large,  rounded  on  inner  corner ;  legs  of  moderate 
length  for  this  tribe,  tarsi  not  unusually  long;  hind  tibiae  finely 
short-hairy  and  with  a  few  bristles ;  metatarsi  long  but  not  equal 
to  tarsi  except  metatarsi;  male  claws  very  long;  abdomen  stout 
and  elongate;  no  median  marginal  bristles  on  last  section  of 
fifth  vein ;  1  median  marginal  bristle  and  2  median  discal  bristles 
on  second  apparent  abdominal  segment;  marginal  row  and  two 
median  discal  bristles  on  third  apparent  abdominal  segment; 
marginal  and  submarginal  rows  and  2  median  discal  bristles 
on  fourth  apparent  abdominal  segment. 

Eomyocera  carinata  sp.  nov. 

Length  of  body,  14  millimeters;  length  of  wing,  11.5.  Male, 
Penang  Island  {Baker) . 

Head  rufo-fulvous,  brassy  silvery;  frontalia  blackish;  anten- 
nae pale  fulvous  yellow;  palpi  yellowish;  thorax  and  scutellum 
thickly  silvery,  brassy  above ;  4  black  thoracic  vittae,  outer  heavy 
and  inner  linelike;  abdomen  light  rufo-fulvous,  median  vitta 
and  hind  borders  of  first  3  segments  brownish  black;  legs  ful- 
vous, tarsi  dusky ;  wings  smoky  yellow  costally ;  squamae  whitish, 
bordered  with  yellowish. 

Tribe  RUTILIINI 

Genus  AMPHIBOLIOPSIS  novum 

Genotype,  Gymnostylia  minor  Villeneuve,  Natal,  and  Nyanza, 
at  6,500  feet. 

Differs  from  Gigamyia  Macquart  by  head  being  wider  than 
high;  facial  carina  extending  little  over  halfway  to  vibrissal 
level;  male  antennae  reaching  halfway  to  vibrissal  level;  arista 
short-hairy;  no  preacrostichal  bristles,  1  postacrostichal  bristle; 
hind  tibiae  finely  ciliate;  second  apparent  abdominal  segment 
with  1  median  marginal  bristle;  third  apparent  abdominal  seg- 
ment with  marginal  row  of  6  to  8 ;  fourth  apparent  abdominal 
segment  with  marginal  row  and  no  median  discal  bristle. 

Tribe  CYLINDROM YIINI 

Genus  PENTHOSIOSOMA  novum 
Genotype,  Penthosiosoma  pictipennis  sp.  nov.,  Penang  Island. 
Head  about  as  high  as  wide;  frontal  profile  strongly  sloped, 
flat,  nearly  as  long  as  facial  profile ;  facial  profile  straight ;  oral 


29,4  Tyler-Townsend:  New  Miiscoid  Flies  539 

profile  strongly  arcuate ;  occipital  profile  bulged  near  middle  and 
rounded  off  below;  clypeus  very  shallow  but  not  flush,  nearly 
twice  as  long  as  wide;  no  facial  carina;  epistoma  short,  cut 
off  nearly  even  with  vibrissse,  wide,  well  warped;  facialia  bare, 
oblique,  narrow;  vibrissas  strong,  decussate,  on  oral  margin; 
vibrissal  axis  considerably  less  than  antennal  axis,  latter  less 
than  three-fourths  head  height;  proboscis  short  and  stout;  palpi 
rather  slender,  scarcely  thickened  at  tip  in  the  male;  antennae 
not  reaching  oral  margin  level;  second  antennal  joint  long; 
third  antennal  joint  in  the  male  little  over  two  and  one-half 
times  second  antennal  joint,  narrow,  not  stout,  faintly  widen- 
ing to  truncate  tip ;  arista  long,  bare,  faintly  thickened  about  one- 
third  way,  basal  joints  short;  eyes  bare,  descending  almost  to 
vibrissal  level;  male  vertex  about  one-fifth  head  width,  front 
widening  very  gently;  face  widened  considerably  from  front; 
frontal  bristles  stopping  at  base  of  antennae ;  vertical  bristles  in 
the  male  1,  long,  not  decussate ;  neither  proclinate  f ronto-orbital 
nor  reclinate  f ronto-orbital  bristles  in  the  male;  frontalia  in 
the  male  wide,  equilateral,  over  three  times  width  of  1  para- 
frontal  in  middle;  ocellar  area  triangular,  large,  reaching  one- 
tliird  way  from  vertex  to  lunula;  ocellar  bristles  proclinate, 
short  but  strong;  parafrontalia  narrow  and  nearly  equilateral; 
parafacialia  very  narrow  and  strongly  narrowed  below,  reduced 
nearly  to  a  line  under  eyes;  cheeks  in  the  male  one-sixth  eye 
length;  thorax  as  wide  as  head  and  abdomen;  3  sternopleural 
bristles,  2  postintraalar  bristles,  2  postsutural  bristles  or  dorso- 
centrals  behind  suture,  no  preacrostichal  bristles,  1  postacrosti- 
chal  bristle,  2  lateral  scutellar  bristles;  apical  pair  of  scutellar 
bristles  strongly  decussate,  shorter  than  lateral  scutellar  bris- 
tles; no  discal  scutellar  bristles;  prescutum  about  equal  to  post- 
scutum;  no  costal  spine;  Rj  bare,  terminating  well  beyond  Re; 
Rg  bristled  about  halfway  to  Rg;  apical  cell  well  open  just  be- 
fore tip ;  bend  of  fourth  long  vein  a  rounded  obtuse  angle,  hardly 
one-fifth  wing  width  from  hind  margin  of  wing;  Mi  well  bent 
in  before  tip;  Mg  sinuate,  nearer  to  bend  of  fourth  long  vein; 
Ci  bare,  last  section  of  fifth  vein  extremely  short ;  squamae  small, 
evenly  round,  nearly  circular;  legs  stout,  tarsi  very  short,  hind 
tibiae  more  swollen  than  others  in  the  male,  all  tibiae  thickly 
short-haired,  femora  and  tibiae  with  strong  short  spines;  meta- 
tarsi not  equal  to  tarsi  except  metatarsi;  male  claws  very  long; 
abdomen  longer  than  thorax,  rather  narrow  and  slightly  widened 
on  middle ;  1  strong  median  marginal  bristle  on  first  3  segments. 
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1  median  discal  bristle  on  intermediate  segments  of  abdomen, 
marginal  row  but  no  median  discal  bristles  on  fourth  apparent 
abdominal  segment ;  male  hypopygium  large,  knoblike,  haired,  set 
ventrally  just  before  tip  of  abdomen. 

Penthosiosoma  pictipennis  sp.  nov. 

Length  of  body,  10  millimeters  (abdomen  flexed)  ;  length  of 
wing,  10.    Male,  Penang  Island  (Baker) . 

Head  silvery;  frontalia  black;  antennse  and  palpi  fulvous; 
thorax  and  scutellum  rufo-fulvous,  the  posterior  part  of  meso- 
pleura  blackish;  2  heavy  wide  brown  or  blackish  thoracic  vittse, 
which  are  continued  on  scutellum;  abdomen  rufous,  shading  into 
brown  on  posterior  half  of  last  2  segments  and  leaving  a  broad 
brown  median  vitta  on  anterior  half  of  abdomen;  legs  rufous, 
tibiae  and  middle  or  tips  of  femora  tinged  with  brownish ;  wings 
barred  with  yellow  between  tips  of  Ri  and  R3,  rest  smoky,  most 
deeply  so  costobasally ;  squamse  smoky. 

Genus  EOCYPTERULA  novum 

Genotype,  Eocypterula  atra  sp.  nov.,  Dapitan,  Mindanao,  P.  I. 

Head  no  wider  than  high,  narrowed  below  in  front  view,  pro- 
file quadrangular;  frontal  profile  shorter  than  facial  profile, 
parallel  to  oral  profile ;  facial  profile  parallel  to  occipital  profile ; 
oral  profile  as  long  as  frontal  profile ;  occipital  profile  somewhat 
swollen  below  but  parallel  to  facial  profile;  clypeus  flush,  nearly 
three  times  as  long  as  wide;  no  facial  carina;  epistoma  cut  off 
short,  faintly  warped;  facialia  narrow,  bare;  vibrissge  strong, 
decussate,  on  oral  margin;  vibrissal  axis  equal  to  antennal  axis, 
latter  hardly  over  two-thirds  head  height ;  proboscis  hardly  head 
height,  haustellum  very  short ;  palpi  slender,  filiform,  longer  than 
haustellum  but  not  as  long  as  third  antennal  joint;  second  an- 
tennal joint  not  long;  third  antennal  joint  in  the' male  four 
times  second  antennal  joint;  arista  bare,  thickened  slightly  one- 
third  way,  basal  joints  short;  eyes  bare,  not  reaching  vibrissal 
level;  male  vertex  rather  over  one-fourth  head  width,  front 
gradually  widened;  face  widened  gradually  from  front;  frontal 
bristles  stopping  at  base  of  antenna;  vertical  bristles  1  in  the 
male,  not  decussate;  2  proclinate  fronto-orbital  bristles  and  1 
reclinate  fronto-orbital  bristle  in  the  male;  male  frontalia  nar- 
rowed posteriorly,  not  twice  width  of  1  parafrontal  in  middle; 
ocellar  bristles  small,  proclinate ;  paraf rontalia  in  the  male  equi- 
lateral, very  narrow,  bare ;  paraf acialia  very  narrow,  equilateral, 
bare,  about  as  wide  as  facialia;  cheeks  fully  one-fourth  eye 
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length;  thorax  nearly  as  wide  as  head  and  slightly  wider  than 
abdomen;  2  sternopleural  and  postintraalar  bristles,  3  postsu- 
tural  bristles  or  dorsocentrals  behind  suture,  no  preacrostichal 
bristles,  1  short  weak  postacrostiehal  bristle,  1  lateral  scutellar 
bristle;  apical  pair  of  scutellar  bristles  strong,  decussate;  no 
discal  scutellar  bristles ;  wings  short  and  narrow ;  no  costal  spine ; 
Ri  bare,  terminating  rather  before  Rg ;  R5  bristled  only  at  base ; 
apical  cell  petiolate  just  before  tip,  petiole  twice  R^  and  bent 
up  from  R5;  bend  of  fourth  long  vein  a  well-rounded  obtuse 
angle,  one-fourth  wing  width  from  hind  margin  of  wing;  M^ 
straight,  not  parallel  to  hind  margin  of  wing;  M3  a  little  nearer 
to  bend  of  fourth  long  vein,  straight,  not  parallel  to  hind  margin 
of  wing;  C^  bare,  last  section  of  fifth  vein  less  than  one-fifth 
length  of  preceding;  squamae  small,  nearly  circular;  legs  moder- 
ately long,  tarsi  rather  long,  hind  femora  and  tibiae  of  male 
elongate ;  metatarsi  long  but  not  equal  to  tarsi  except  metatarsi ; 
male  claws  long ;  abdomen  about  twice  as  long  as  thorax,  narrow 
at  base  and  gradually  swollen  to  rounded  tip;  all  4  segments 
with  1  median  marginal  bristle  but  none  with  median  discal 
bristle;  male  hypopygium  heavy,  short-haired. 

Eocyptemla  atra  sp.  nov. 

Length  of  body,  6  to  7  millimeters;  length  of  wing,  4  to  5. 
Male,  Dapitan,  Mindanao,  P.  I.  (Baker) . 

Head,  pleura,  and  coxae  silvery;  frontalia  brown;  antennae 
and  palpi  pale  fulvous;  thorax  and  scutellum  black,  thinly  sil- 
very ;  4  blackish  approximated  thoracic  vittse,  outer  wider ;  abdo- 
men black,  bases  of  intermediate  segments  of  abdomen  silvery; 
legs  rufous,  tarsi  dark ;  wings  lightly  inf uscate  on  costa  and  tip ; 
squamse  nearly  white. 

Tribe  MEIGENIINI 

Genus  JESTJIMYIA  novum 

Genotype,  Tachina  cruciata  Wiedemann,^  Cape  of  Good  Hope. 

Differs  from  Megalochaeta  Brauer  and  Bergenstamm  by  cheeks 
being  about  one-fourth  eye  length;  third  antennal  joint  of  fe- 
male but  little  over  second  antennal  joint,  that  of  the  male  twice 
second  antennal  joint;  differs  from  Anagonia  Brauer  and  Ber- 
genstamm by  epistoma  being  short;  median  discal  bristles  on 
intermediate  segments  of  abdomen ;  hind  tibiae  with  unlike  bris- 

'  Wiedemann,  Aussereur.  Zweifl.  Ins.  2:  326;  Brauer  and  Bergenstamm, 
Muse.  Schiz.  2:   317. 
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ties;   differs   from  both  by   thoracic   markings   in   form   of  a 
black  cross. 

Tribe  PHRYNOINI  • 

Genus  PEOSOPODOPSIS  novum 

Genotype,  Tachina  fasciata  Wiedemann,  Macao,  China. 

Differs  from  Prosopodes  Brauer  and  Bergenstamm  by  arista 
being  thickened  over  halfway,  basal  joints  short;  eyes  bare; 
cheeks  nearly  one-third  eye  length;  Ri,  R^,  and  Cj  with  long 
bristles ;  apical  cell  short-petiolate  far  before  tip ;  bend  of  fourth 
long  vein  a  right  angle. 

Tribe  ACTIINI 

Genus  SCHIZOCEROMYIA  novum 

Genotype,  Schizotachina  fergusoni  Bezzi,  Sydney,  New  South 
Wales,  Australia. 

Differs  from  Schizotachina  Walker  by  cheeks  being  about  one- 
fourth  eye  length;  2  sternopleural  bristles;  R5  bristled  halfway 
to  tip;  apical  cell  nearly  closed  in  tip;  no  median  discal  bristles 
on  fourth  apparent  abdominal  segment;  male  third  antennal 
joint  deeply  cleft,  rays  slender,  posterior  ray  curved  up  beyond 
tip  of  anterior ;  arista  inserted  at  extreme  base  of  third  antennal 
joint,  second  aristal  joint  over  twice  third  aristal  joint. 

Tribe  STURMIINI 

Genus  EOZENILLIA  novum 

Genotype,  Eozenillia  equatorialis  sp.  nov.,  Singapore. 

Head  one-third  wider  than  high ;  frontal  profile  fully  equal  to 
facial  profile,  flat  except  at  vertex,  well  sloped;  facial  profile 
straight,  receding;  oral  profile  straight,  shorter  than  facial  pro- 
file; occipital  profile  somewhat  inflated  below;  clypeus  gently 
sunken,  scarcely  twice  as  long  as  wide;  no  facial  carina;  epis- 
toma  wide,  one-fourth  as  long  as  wide,  warped  forward  at  30°, 
subnasute;  facialia  narrow,  oblique,  strong  ciliate  halfway;  vi- 
brissa strong,  decussate,  well  above  oral  margin;  vibrissal  axis 
only  a  little  less  than  antennal  axis,  latter  two-thirds  head  height; 
proboscis  about  head  height,  stout,  labella  large;  palpi  stout, 
clublike,  as  long  as  third  antennal  joint,  bowed;  antennae  not 
reaching  vibrissal  level ;  second  antennal  joint  rather  short ;  third 
antennal  joint  in  the  female  rather  wide,  scarcely  three  times 
second  antennal  joint;  arista  bare,  thickened  halfway,  basal 
joints  short;  eyes  rather  thickly  short-pilose,  descending  a  little 
below  vibrissal  level ;  male  vertex  nearly  one-third  head  width. 
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front  in  middle  fully  one-third  head  width  and  slightly  more 
at  base  of  antennae;  face  faintly  widened  from  front,  three- 
sevenths  head  width  in  middle ;  2  or  3  frontal  bristles  below  base 
of  antennae;  2  vertical  bristles  in  the  female,  inner  decussate; 
2  strong  proclinate  fronto-orbital  and  2  reclinate  fronto-orbital 
bristles  in  the  female;  frontalia  in  the  female  equilateral,  two- 
thirds  width  of  1  parafrontal  in  middle;  ocellar  bristles  repre- 
sented by  proclinate  hairs;  parafrontalia  scarcely  narrowed 
posteriorly  in  the  female;  parafacialia  bare,  equilateral  below 
frontal  bristles  but  wider  above,  one-third  clypeal  width;  cheeks 
little  over  one-fifth  eye  length ;  thorax  as  wide  as  abdomen,  nearly 
as  wide  as  head;  4  postsutural  bristles  or  dorsocentrals  behind 
suture;  3  sternopleural  bristles,  postintraalar  bristles,  preacros- 
tichal  bristles,  postacrostichal  bristles  and  lateral  scutellar  bris- 
tles; apical  pair  of  scutellar  bristles  moderately  strong,  decus- 
sate; 1  discal  scutellar  bristle  nearly  as  strong  as  apical  pair 
of  scutellar  bristles;  no  costal  spine;  R,  bare,  terminating  well 
beyond  Ro ;  R-,  bristled  only  at  base ;  apical  cell  open  rather  far 
before  tip;  bend  of  fourth  long  vein  an  angular  right  angle, 
over  one-third  wing  width  from  hind  margin  of  wing;  M^  bent 
in  at  base,  parallel  to  hind  margin  of  wing;  M.  sinuate,  nearer 
to  bend  of  fourth  long  vein;  C,  bare,  last  section  of  fifth  vein 
short;  squamse  of  moderate  size,  rounded  behind,  inner  comer 
subangular;  legs  very  short;  hind  tibiae  thinly  ciliate,  with  1 
longer  bristle;  metatarsi  about  equal  to  tarsi  except  metatarsi; 
front  tarsi  in  the  female  not  widened;  abdomen  ovate;  1  mod- 
erately strong  median  marginal  bristle  on  last  section  of  fifth 
vein;  1  strong  median  marginal  bristle  on  second  apparent  ab- 
dominal segment;  marginal  row  on  third  apparent  abdominal 
segment;  marginal  and  discal  rows  on  fourth  apparent  abdominal 
segment. 

Eozenillia  equatorialis  sp.  nov. 

Length  of  body,  6.5  millimeters ;  length  of  wing,  5.5.  Female, 
Singapore  (Baker). 

Head  silvery  whitish,  frontalia  brownish;  palpi  pale  yellow; 
antennae  fulvous,  tipped  with  brownish;  thorax  and  scutellum 
silvery,  latter  more  or  less  rufous  beneath  pollen;  4  black  tho- 
racic vittae,  inner  linelike;  abdomen  blackish,  subshining,  more 
or  less  broadly  rufous  on  sides,  last  3  segments  silvery  except 
hind  borders;  legs  blackish,  hind  tibiae  brown  to  rufous,  middle 
tibiae  less  so ;  wings  clear ;  squamae  smoky  whitish. 
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Genus  CHLOROGASTROPSIS  novum 

Genotype,  Chlorogaster  rufipes  Schiner,^  New  Zealand. 

Differs  from  Chlorogaster  Macquart  by  second  antennal  joint 
not  being  very  long;  third  antennal  joint  four  times  second  an- 
tennal joint;  eyes  very  thinly  hairy;  frontal  bristles  in  2  rows 
in  the  male,  descending  well  below  base  of  antennse ;  cheeks  one- 
fifth  eye  length;  M3  near  middle;  male  claws  very  small;  no 
median  discal  bristles  on  intermediate  segments  of  abdomen. 

Tribe  GERMARIINI 

Genus   VILLENEirVIMYIA    nomen  novum 

Genotype,  Lissoglossa  taeniata  Villeneuve,  Africa. 
New  name  for   Villeneuvia   Tyler-Townsend    (1921)    preoc- 
cupied/ 

•  Schiner,  Nov.  Reise,  323 ;  Brauer  and  Bergenstamm,  Muse.  Schiz.  1 : 
fig.  68. 

*Ins.  Ins.  Menstr.  9:  134. 


OPILIONES  VOM  MOUNT  MAQUILING  AUF  LUZON 
PHILIPPINEN 

Von  C.  Fr.  Roewer 
Bremen,    Germany 

ZWEI    TAFELN 

Im  Herbst  des  vorigen  Jahres  erhielt  ich  von  Herrn  Prof. 
Charles  Fuller  Baker  in  Los  Banos  eine  kleine  Sammlung  von 
Opilioniden,  welehe  auf  dem  Mount  Maquiling  gemacht  worden 
ist.  Diese  Sammlung  ist  nicht  nur  dadurch  interessant,  dass  sie 
nur  neue  Arten,  beziehiingsweise  Gattungen,  enthalt,  sondern 
auch  dadurch,  dass  von  einigen  an  und  fur  sich  seltenen  und 
bisher  nur  in  wenigen  Stiicken  bekannten  Arten  der  Laniatores 
reichlicheres  Material  mit  jungen  Tieren  vorliegen,  an  welch 
letzteren  sich  bemerkenswerte  Vergleiche  mit  den  erwachsenen 
Tieren  machen  lassen,  auf  die  weiter  unten  noch  des  Naheren 
eingegangen  werden  soli. 

Fur  die  Benennung  und  systematische  Stellung  der  hier  vor- 
liegenden  Opilioniden  lege  ich  meine  Monographie^  zu  Grunde, 
sodass  ich  hier  weder  Familien,  Subfamilien  noch  Gattungen 
zu  begriinden,  noch  auf  deren  Synonyma  hinzuweisen  brauche, 
und  der  Hinweis  auf  genannte  Monographie  geniigen  wird. 
Nach  dem  dort  durchgefiihrten  System  verteilen  sich  die  Opilio- 
niden dieser  Ausbeute  wie  f olgt : 

Subordo  LANIATORES  Thorell 

Familia  PHALANGODID^  Simon 

Subfamilia  PHALANGODIN^E  Roe^Tver 

Zalmoxilla  mitobatipes  g.  et  sp.  nov. 

Subfamilia  IBALONIIN.^  Roewer 

Philibaloniits  bakeri  g.  et  sp.  nov. 

Subfamilia  ERECANANIN.^^  Roewer 

Lomanius  minimus  sp.  nov. 

^Die  Weberknechte  der  Erde,  1923. 
I  545 
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Subfaniilia   DIBUNIN.4Z   Roewej 

Dibunus  similis  Roewer  (mas.  nov.). 
Anacudorsum  hakeri  g.  et  sp.  nov. 
Anacudorsuni  ferrugineum  g.  et  sp.  nov. 
Trlacudorsulum  hakeri  g.  et  sp.  nov. 

Subordo  PALPATORES  Thorell 

Familia  PHALANGIID^  Simon 

Subfamilia  GAGRELLIN^^  Thorell 

Gagrella  gilva  sp.  nov. 
Gagrella  hakeri  sp.  nov. 
Metagagrella  micans  sp.  nov. 
Bullobumis  hakeri  sp.  nov. 
Die  Diagnosen  der  genannten  Tiere  sind  folgende : 

Genus  ZALMOXILLA  novum 

Tuber  oculorum  in  der  vorderen  Halfte  des  Carapax,  quer-oval, 
nur  regellos  bekornelt.  Korper  von  der  ersten  Scutum-Quer- 
furche  an  gerundet;  Scutum  hoch  gewolbt,  mit  5  Querfurchen, 
deren  erste  gerade  und  deren  zweite  bis  f iinfte  median  winkelig 
nach  hinten  durchgebogen  sind.  Erste  Area  ohne  mediane 
Langsfurche  und  median  so  breit  wie  die  zweite  bis  vierte  Area 
zusammen;  erste  bis  f iinfte  Area  unbewehrt,  mehr  oder  minder 
bekornelt,  obenso  die  freien  Tergite.  Diese  Kornchen  nehmen 
nach  hinten  etwas  an  Grosse  zu  und  tragen  wenigstens  hier  je 
1  kleines  Spitzenharchen.  Vierte  Coxa  doppelt  so  breit  wie 
dritte  Coxa;  Stigma  zwischen  der  vierten  Coxa  und  einem 
Querkiel  des  Stigmen-Sternites.  Cheliceren  kraftig;  erstes 
Glied  mit  einem  deutlichen  dorsal-apicalen  Buckel.  Palpen 
kraftig;  alle  Glieder  bestachelt;  Femur  apical-medial  mit  1 
Stachel.  Beine  kraftig;  Femora  unbewehrt;  Endabschnitt  des 
ersten  Tarsus  2-  und  des  zweiten  Tarsus  3-gliedrig;  Zahl  der 
Tarsenglieder,  3,  6,  5,  5.  Sekundare  Geschlechtsmerkmale  am 
vierten  Bein  des  Mannchens. 

Diese  Gattung  ist  nahe  verwandt  mit  der  Gattung  Zalmoxis 
Sorensen,  von  der  sie  sich  im  Wesentlichen  unterscheidet  durch 
die  Zahl  der  Tarsenglieder  am  dritten  und  vierten  Tarsus. 

Zalmoxilla  mitobatipes  sp.  nov.     Tafel  1,  Fig.  1. 

Mdnnchen. — Lange  des  Korpers,  3.5  Millimeter;  des  ersten 
bis  vierten  Beines,  4,  6,  5.5,  11. 

Weibchen. — Lange  des  Korpers,  3  Millimeter;  des  ersten  bis 
vierten  Beines,  3.5,  4.5,  4,  5.5. 
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Tuber  oculorum  wie  die  ganze  Riickenflacbe  des  Korpers  re- 
gellos  grob  bekornelt,  nur  Scutumseitenrand  glatt;  die  Kornchen 
auf  den  freien  Tergiten  besonders  grob  iind  mit  je  einem 
Spitzenharchen  besetzt.  Freie  Sternite  iind  Flache  der  ersteii 
bis  vierten  Coxa  ebenfalls  regellos  grob  bekornelt;  dritte  Coxa 
mit  je  einer  vorderen  und  hinteren  Hockerehenrandreihe;  vierte 
Coxa  dorsal-lateral  sehr  grob  bekornelt,  doch  ohne  Enddorn. 
Cheliceren :  erstes  und  zweites  died  glatt.  Palpen  :  Coxa  dorsal 
mit  2  und  ventral  mit  1  Zahnchen;  Trochanter  dorsal  mit  1 
Kornchen  und  ventral  mit  1  Zahn ;  Femur  ventral  mit  2  basalen 
grossen  und  1  mittleren  kleinen  Stachel,  apical-medial  mit  1 
Stachel;  Patella  apical-medial  mit  1  Stachel.  Tibia  und  Tarsus 
ventral,  jederseits  mit  je  3  Stacheln.  Beine  bis  zur  Tibia  rauh 
bekornelt,  sonst  unbewehrt;  Zahl  der  Tarsenglieder,  3,  6,  5,  5. 
Beim  Mannchen  das  vierte  Bein  doppelt  so  lang  wie  das  zweite. 

Luzon,  Laguna,  Mount  Maquiling,  viele  Mannchen  und  Weib- 
chen  und  pulli. 

Type  in  der  Sammlung  Baker;  Cotype  in  der  Sammlung 
Roevs^er. 

Die  jungen  Tiere  zeigen  in  Bezug  auf  den  Bau  des  Korpers 
dieselben  Verhaltnisse  wie  die  erwachsenen,  auch  Form  und  Be- 
wehrung  der  Cheliceren  und  Palpen  ist  die  gleiche;  dagegen 
ist  die  Zahl  der  Tarsenglieder,  wie  zu  erwarten — 2,  2,  3,  3. 

Genus  PHILIBALONITJS  novum 

Zwischen  den  beiden  Augenhiigeln  1  unbewehrter,  senkrechter 
Mediandorn.  Scutum  mit  5  oft  undeutlichen  Querf urchen :  erste 
Area  ohne  mediane  Langsfurche;  Flache  des  Carapax  hinten 
und  erste  bis  dritte  Area  sowie  Scutumhinterrand  und  freie 
Tergite  unbewehrt,  nur  vierte  Area  mit  einem  mittleren  Paare 
spitzer  senkrechter  Dornen.  Stigmen  deutlich  sichtbar.  Palpen 
kiirzer  als  der  Korper  und  ihre  Glieder  vom  Trochanter  an 
bestachelt.  Beine  lang  und  diinn;  alle  Femora  gerade;  am 
ersten  Bein  nur  Femur  mit  einer  ventralen  Kornchenlangsreihe 
mit  Spitzenborstchen ;  Endabschnitt  des  ersten  Tarsus  2-,  des 
zweiten  Tarsus  3-gliedrig;  Zahl  der  Tarsenglieder  4,  mehr  als 
6,  variabel,  5,  5.  Dritter  und  vierter  Tarsus  mit  dichter  regel- 
massiger  Scopula.  Sekundare  Geschlechtsmerkmale  des  Mann- 
chens  an  den  Cheliceren. 

Philibalonius  bakeri  sp.  nov.     Tafel  1,  Fig.  2. 

Lange  des  Korpers,  4  Millimeter;  des  ersten  bis  vierten 
Beines,  9.  26,   16,  22. 
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Korper  dorsal  gleichmassig  gewolbt,  die  Furchen  des  Carapax 
und  des  Scutums  sehr  undeutlich;  zwischen  dem  Mediandorn 
des  Carapax  und  jedem  der  beiden  Augenhligel  eine  Verbin- 
dungsreihe  von  drei  bis  vier  Kornchen;  jeder  Augenhugel  oben 
mit  einem  Kornchen  und  frontal  durch  1  Bruckenzahnchen 
mit  dem  Stirnrand  verbunden.  Hintere  Flache  des  Carapax  mit 
einer  Querreihe  aus  4,  erste  Area  mit  einer  solchen  aus  6, 
zweite  und  dritte  Area  des  Scutums  mit  je  einer  Querreihe  aus 
8  groben  Buckelhockerchen ;  Scutumhinterrand  mit  einer  Quer- 
reihe aus  6  bis  8  solcher  Hockerchen;  vierte  Area  mit  einem 
mittleren  Paare  spitzer  hoher  Kegeldornen  und  lateral  davon 
mit  einer  Querreihe  aus  2  Hockerchen  (Tafel  1,  Fig.  2,  a). 
Freie  Tergite  und  Sternite  fast  unbewehrt  und  matt-glatt,  ohne 
deutlich  hervortretende  Hockerchen.  Flache  der  ersten  bis 
vierten  Coxa  regellos  grob  bekornelt;  erste  Coxa  mit  einer  vor- 
deren  Randreihe  grober  stumpf er  Zahnchen ;  vierte  Coxa  dorsal- 
apical  mit  einem  senkrecht  abstehenden  Kegeldorn  und  daneben 
eine  Reihe  aus  3  groben  Buckelhockerchen.  Cheliceren  beim 
Weibchen  normal  gebaut;  erstes  died  ventral-lateral  mit  einem 
Hakenzahn;  zweites  died  hinten-lateral  mit  einem  gleichen 
Zahn  und  frontal  iiber  den  Zangen  mit  6  bis  8  feinen  Zahnchen 
bestreut;  Cheliceren  des  Mannchens:  erstes  died  dorsal  mit 
grossem  Apicalbuckel,  hier  ventral-lateral  mit  1  Hakenzahnchen 
und  ventral-medial  mit  2  solcher  Zahnchen;  zweites  died 
frontal  uber  den  Zangen  mit  6  bis  8  groben  Hakenzahnchen 
bestreut,  lateral  unmittelbar  iiber  der  Zange  mit  3  geraden 
Zahnen,  lateral-hinten  mit  einem  kraftigen  Hakenzahn,  medial- 
hinten  mit  einem  gleichen  Hakenzahn,  kurz  davor  mit  einer 
Langsreihe  aus  etwa  10  blanken  runden  Kornchen;  Zangen 
grob  bezahnelt  und  die  unbewegliche  ausserdem  in  der  Mitte 
der  Schneide  mit  einem  grosseren  Buckelzahn  (Tafel  1,  Fig. 
2,  d),  Palpen:  Coxa  dorsal  mit  einem  Dornhaken;  Trochanter 
ventral  mit  1  Stachel;  Femur  dorsal-basal  mit  1  und  ventral- 
basal  mit  einer  Langsreihe  aus  3  Stacheln,  apical-medial  mit 
1  Stachel ;  Patella  ventral-lateral  mit  1  und  ventral-medial  mit  2 
Stacheln;  Tibia  ventral-lateral  mit  2  und  ventral-medial  mit 
3  Stacheln ;  Tarsus  ventral-lateral  mit  3  und  ventral-medial  mit  b 
Stacheln.  Beine  lang  und  sehr  diinn;  alle  dieder  unbewehrt, 
nur  erstes  Femur  mit  einer  basalen  Langsreihe  aus  vier  bis 
sechs  spitzenhaarigen  Kornchen  und  erstes  Trochanter  ventral 
mit  einer  Gruppe  aus  vier  bis  sechs  rundlichen  Hockerchen; 
Zahl  der  Tarsenglieder,  4,  11  oder  12,  5,  5. 
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Farbung  des  Korpers  und  aller  Gliedmaassen  rostgelb,  Ca- 
rapax  und  Scutum  teilweise,  aber  unscharf  schwarz  gefleckt  und 
genetzt;  alle  Buckelhockerchen  des  Riickens  mit  weissem  Haut- 
drusensekret  bedeckt,  an  der  Vorderecke  des  Carapax  jederseits 
ein  kleiner  und  lateral  neben  dem  Dornenpaar  der  vierten  Area 
einem  grosser  en  Fleck  aus  weissem  Hautdriisensekret  (in  Tafel 
1,  Fig.  2,  a,  punktiert) . 

Luzon,  Laguna,  Mount  Maquiling,  viele  Mannchen,  Weibchen 
und  pulli. 

Type  in  der  Sammlung  Baker,  Los  Bafios;  Cotype  in  der 
Sammlung  Roewer. 

Genus  LOMANIUS  Roewer 
Lomanius  Roewer,  Weberknechte  der  Erde   (1923)   187. 

Lange  des  Korpers,  2  Millimeter;  des  ersten  bis  vierten 
Beines  2,  7,  5,  5.5. 

Korper  dorsal  hoch  gewolbt;  Carapax  frontal  gleichmassig 
ausgebuchtet,  oben  und  wenig  vom  Frontalrande  entfernt  mit 
einem  schlanken,  leicht  nach  vorn  geneigten  Mediandorn,  jeder- 
seits davon  mit  je  einer  Reihe  aus  3  stumpfen  Hockerchen  bis 
zu  jedem  der  beiden  Augenhiigel;  diese  oben  mit  1  kurzen 
Dornchen  und  frontal  mit  je  1  Briickenzahnchen  zum  Frontal- 
rande bin;  dieser  von  hier  aus  bis  zu  den  Seitenrandvorder- 
ecken  mit  je  3  kraftigen  gekriimmten  Hakenzahnen  (Tafel  1, 
Fig.  3,  a).  Scutum  am  Seitenrande  entlang  neben  der  ersten 
Querfurche  eingeschniirt  und  hier  mit  4  stumpfen  Hockerchen, 
neben  der  zweiten  Querfurche  wieder  erweitert;  neben  der 
dritten  Querfurche  wieder  eingeschniirt  und  an  seinen  Hinter- 
ecken  am  breitesten;  Korper  von  hier  aus  nach  hinten  gleich- 
massig gerundet.  Erste  Area  ohne  mediane  Langsfurche; 
Flache  des  Carapax  und  aller  5  Area  des  Scutums  gleichmassig 
bekornelt,  sonst  unbewehrt,  doch  alle  Querfurchen  und  auch  die 
den  glatten  Seitenrand  abtrennende  Langsfurche  gleichmassig 
mit  dicht  stehenden  Bruckenzahnchen  iiberdacht.  Freie  Ter- 
gite  und  Stemite  sowie  Flache  der  ersten  bis  vierten  Coxa 
gleichmassig  bekornelt,  doch  das  erste  freie  Tergit  mit  3  in  einer 
Querreihe  stehenden  schlanken  Dornen  (Tafel  1,  Fig.  3,  a) ; 
Vorder-  und  Hinterrand  der  ersten  bis  vierten  Coxa  mit  je  einer 
Hockerchenrandreihe,  die  vorn  an  der  ersten  Coxa  am  kraf- 
tigsten  ist;  vierte  Coxa  dorsal-apical  mit  3  divergierenden 
stumpfen  Dornen,  deren  apicaler  der  starkste  ist.  Cheliceren 
normal  gebaut  und  relativ  schmachtig;  erstes  Glied  ventral  mit 
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2  Kornchen;  zweites  died  frontal  mit  wenigen  Kornchen 
bestreut.  Palpen  schwach  imd  diinn ;  Coxa  dorsal  mit  1  stumpfen 
Haken  (Tafel  1,  Fig.  3,  b)  ;  Trochanter  ventral  mit  1  Hock- 
erchen;  Femur  ventral  mit  einer  Langsreihe  von  4  Staeheln, 
deren  basaler  der  grosste  ist,  und  apical-medial  mit  1  Stachel; 
Patella  ventral-medial  mit  3  und  -lateral  mit  2  Staeheln;  Tibia 
ventral-medial  mit  3  und  -lateral  mit  2  Staeheln ;  Tarsus  ventral- 
jederseits  mit  je  3  Staeheln;  Tarsalklaue  kurz  und  nur  etwa  ein 
Drittel  der  Tarsuslange  erreichend.  Erstes  Bein:  Trochanter 
ventral  mit  1  und  dorsal  mit  3  kurzen  Staeheln;  Femur  S-formig 
gekriimmt,  ventral  mit  einer  Langsreihe  aus  7  Dornen,  deren 
zweite  und  dritte  die  grossten  sind,  und  dorsal  mit  einer 
Langsreihe  aus  12  langen  nach  vorn  gekriimmten  Dornen; 
Patella  dorsal  mit  2  stumpfen  Dornen,  ventral-medial  mit  4  und 
-lateral  mit  3  Staeheln  bewehrt;  Tibia  dorsal  grob  bekornelt, 
ventral-jederseits  mit  je  3  kraftigen  Staeheln;  Metatarsus  rauh 
bekornelt.  Zweites  bis  viertes  Bein  lang  und  diinn,  die  Femora 
gerade,  alle  Glieder  bis  zum  Metatarsus  rauh  bekornelt,  sonst 
unbewehrt.  Zahl  der  Tarsenglieder,  2,  2,  5,  5.  Endabschnitt 
des  ersten  und  zweiten  Tarsus  je  1-gliedrig;  dritter  und  vierter 
Tarsus  ohne  Scopula.  (Die  jungen  Tiere  haben  die  Tarsen- 
Gliederung  1,  1,  3,  3.) 

Farbung  des  Korpers  und  aller  Gliedmaassen  schmutzig 
rostgelb. 

Luzon,  Laguna,  Mount  Maquiling,  viele  Mannchen  und  Weib- 
chen  und  pulli. 

Type  in  der  Sammlung  Baker,  Los  Bafios;  Cotype  in  der 
Sammlung  Roewer. 

Die  hier  noch  folgenden  Laniatores  gehoren  wie  die  bereits 
genannten  der  Familie  Phalangodidse  Simon,  und  zwar  der  Sub- 
familie  Dibuninse  an,  welche  ich  friiher  mit  v^enigen  Genera 
aufstellte.  Da  hier  jetzt  einige  neue  Genera  vorliegen,  stellt 
sich  der  Genus-Schliissel  dieser  Subfamilie  abv^eichend  von  dem 
in  meiner  Monographie  (1923)  gegebenen  v^ie  folgt: 

Gattungen  df^r  SvbfamiJie  Dihimivx  Roewer, 

1.  Dritte   Area   unbewehrt 2. 

Dritte  Area  mit  1  oder  2  Dornen 3. 

2.  Zweite   Area   unbewehrt;    Endabschnitt   des   zweiten    Tarsus    3-gliedrig. 

(Philippinen.)   Anacudorsum  g.  nov. 

Zweite  Area  mit  einem   Dornenpaar;   Endabschnitt  des  zweiten  Tarsus 
3-gliedrig.     (Neu-Guinea;  Philippinen,) Dibnnus  Loman. 

3.  Dritte  Area  mit  einem  medianen  Dorn;  Endabschnitt  des  zweiten  Tarsus 

2-  oder  3-gliedri.fi: 4. 
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Dritte  Area  mit  einem  mittleren  Dornenpaar;  Endabschnitt  des  zweiten 

Tarsus  2-gliedrig.     (Molukken.) Tetracudorsum  Roewer. 

4.  Endabschnitt  des  zweiten  Tarsus  3-gIie(Jrig.      (Philippinen.) 

Triacudorsum  Roewer. 
Endabschnitt   des    zweiten    Tarsus    2-gliedrig.      (Philippinen.) 

Triacndorsuhim  g.  nov. 

Genus  ANACUDORSUM  novum 

Korper  mehr  oder  weniger  rechteckig,  nur  hinten  gerundet. 
Scutum :  erste  bis  vierte  Area  und  alle  f reien  Tergite  unbewehrt ; 
Stigmen  deutlich  sichtbar.  Cheliceren  kriiftig;  erstes  died  mit 
1  deutlich  abgesetzten  dorsalen  Apicalbuckel ;  zweites  died  beim 
Weibchen  normal,  beim  Mannchen  mit  hoher  Kniewolbung,  das 
erste  died  weit  iiberragend.  Palpen:  Femur  ventral  und 
apical-medial  bestachelt;  Patella  bestachelt  wie  auch  Tibia  und 
Tarsus.  Erstes  bis  viertes  Bein  unbewehrt;  Endabschnitt  des 
ersten  Tarsus  2-gliedrig  und  des  zweiten  Tarsus  3-gliedrig; 
erster,  zweiter,  und  vierter  Tarsus  jeweils  mehr  als  6-gliedrig, 
variabel ;  dritter  Tarsus  6-gliedrig.  Sekundare  Geschlechtsmerk- 
male  des  Mannchens  am  zweiten  died  der  Cheliceren. 

Philippinen;  zwei  Arten. 

Philippinische  Arteri  der  Gattung  Anacudorsum  novum, 

1.  Palpen:  Femur  apical-medial  mit  2  Stacheln A.  bakeri  sp.  nov. 

Palpen:  Femur  apical-medial  mit  nur  1  Stachel....A.  ferrugineum  sp.  nov. 

Anacudorsum  bakeri  sp.  nov.     Tafel  1,  Fig.  4. 

Lange  des  Korpers,  3  Millimeter;  des  Palpus,  3.5;  des  ersten 
bis  vierten  Beines,  10,  16,  19,  14. 

Korper  dorsal  auf  Carapax,  alle  Area  des  Scutums,  und  alle 
freie  Tergiten,  sowie  ventral  auf  alien  freien  Sterniten  und 
Flache  der  zweiten  bis  vierten  Coxa  matt-glatt,  nur  Scutumsei- 
tenrand  mit  einer  Langsreihe  blanker  Hockerchen  und  erste  Coxa 
mit  einer  mittleren  Ilockerchenlangsreihe.  Coxenrander  zwi- 
schen  der  ersten  und  zweiten  sowie  zwischen  der  dritten  und  vier- 
ten Coxa  mit  je  einer  Kornchenlangsreihe.  Cheliceren:  erstes 
died  glatt  glanzend,  das  normal  gebaute  zweite  died  dcsglei- 
chen,  doch  frontal  mit  einigen  Kornchen  bestreut.  Palpen 
(Tafel  1,  Fig.  4)  :  Coxa  schlank-kegelig,  dorsal  mit  2  und  ventral 
mit  1  Zahn;  Trochanter  kugelig,  dorsal  mit  1  und  ventral  mit  2 
Zahnchen ;  Femur  ventral  mit  3  basalen  und  1  mittleren  Stachel, 
sowie  apical-medial  mit  2  kraftigen  Stacheln;  Patella  keulig, 
lateral-apical  mit  1  und  medial  mit  2  Stacheln;  Tibia  ventral- 
lateral   mit   4   und   -medial   mit   3    Stacheln;    Tarsus    ventral- 
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jederseits  mit  je  3  langen  Stacheln ;  Klaue  so  lang  wie  der  Tarsus 
und  stark  gekriimmt.  Beine  sehr  diinn,  besonders  das  erste  und 
zweite ;  alle  Beine  unbewehrt ;  Zahl  der  Tarsenglieder,  7,  21,  6,  7. 

Farbung  des  Korpers  rostgelb,  dorsal  auf  Carapax,  erste 
Area,  so  wie  jederseits  auf  der  dritten  Area  schwarz  genetzt. 
Cheliceren  und  Palpen  rostgelb,  schwarz  genetzt,  Beine  des- 
gleichen. 

Luzon,  Laguna,  Mount  Maquiling,  2  Mannchen  und  1  pull. 

Type  in  der  Sammlung  Baker,  Los  Bafios;  Cotype  in  der 
Sammlung  Roewer. 

Anacudorsum  ferrugineum  sp.  nov.     Tafel  1,  Fig.  5. 

Lange  des  Korpers,  4  Millimeter;  des  Palpus,  4.2,  des  ersten 
bis  vierten  Beines,  11,  18,  10,  15. 

Korper  dorsal  auf  Carapax,  alien  Area  des  Scutums  und 
alien  freien  Tergiten,  sowie  ventral  auf  alien  freien  Stemiten 
und  Flache  der  zweiten  bis  vierten  Coxa  matt-glatt,  nur  Scutum- 
seitenrand  mit  einer  Langsreihe  blanker  Buckelhockerchen  und 
erste  Coxa  mit  einer  mittleren  Hockerchenlangsreihe.  Coxen- 
rander  zwischen  erste  und  zweite,  zweite  und  dritte,  sowie 
zwischen  dritte  und  vierte  Coxa  mit  je  einer  Hockerchen- 
langsreihe. Cheliceren :  erstes  Glied  kraf tig,  sein  dorsal-apicaler 
Buckel  glatt  glanzend,  doch  basal-medial  und  apical-medial  mit 
2  spitzen  Kornchen;  zweites  Glied  machtig  aufgetrieben  (Tafel 
1,  Fig.  5),  frontal-medial  mit  2  kurzen  Zahnen,  frontal-apical 
liber  der  beweglichen  Zange  mit  einer  fein  gerieften,  vorspring- 
enden  Lamelle,  die  in  einen  medial  gerichteten  kleinen  Haken 
auslauft,  hinten  (Tafel  1,  Fig.  5,  c)  iiber  der  beweglichen  Zange 
mit  2  abwarts  gerichteten  Zahnen;  die  Zangen  ein  weites  Ohr 
umspannend  und,  soweit  dieses  Ohr  in  Betracht  kommt,  mit 
glatter  Schneide ;  bewegliche  Zange  an  der  Spitze  mit  abgesetzter 
bezahnelter  Schneide  gegenuber  der  gleichartig  bezahnelten 
Spitze  der  unbeweglichen  Zange  (Tafel  1,  Fig.  5,  c).  Palpen 
kraf  tig  und  sehr  lang ;  Coxa  nur  ventral  mit  1  Zahnchen ;  Tro- 
chanter kugelig,  dorsal  mit  1  und  ventral  mit  2  Zahnchen ;  Femur 
dorsal  regellos  mit  feinen  Zahnchen  bestreut,  doch  basal  und 
apical  glatt,  ventral  mit  3  basalen  und  1  mittleren  Stachel,  apical- 
medial  mit  2  und  apical-lateral  mit  1  Stachel;  Tibia  ventral- 
medial  mit  3  und  ventral-lateral  mit  4  Stacheln ;  Tarsus  ventral- 
jederseits  mit  je  3  Stacheln ;  Klaue  kraftig  und  so  lang  wie  der 
Tarsus.     Zahl  der  Tarsenglieder,  8,  24,  6,  7. 
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Farbung  des  Korpers  rostgelb,  Carapax  und  Abdomen  leicht 
schwarz  genetzt.  Cheliceren  glanzend  rostgelb,  Palpen  des- 
gleichen,  doch  Coxa  und  Femur  reichlich  schwarz  genetzt. 
Beine  rostgelb,  leicht  schwarz  genetzt. 

Luzon,  Laguna,  Mount  Maquiling,  1  Mannchen. 

Type  in  der  Sammlung  Baker,  Los  Baiios. 

Genus  DIBUNUS  Loman 

Dibunus  RoEWER,  Weberknechte  der  Erde   (1923)    212. 
Dibunus  pseudobiantes  Loman, 

Dibunus  pseudobiantes  Roewer,  Weberknechte  der  Erde   (1923)  213, 
fig.  242. 

Neu-Guinea. 

Dibunus  longipalpis  Roewer. 

Dibunus  longipalpis  Roewer,  Weberknechte  der  Erde  (1923)  213. 
Philippinen,  Bohol,  Mannchen  und  Weibchen. 

Dibunus  similis  Roewer  (mas.  nov.).     Tafel  2,  Fig.  1. 

Dibunus  similis  Roewer,  Weberknechte  der  Erde    (1923)    213    (nur 
Weibchen). 

Lange  des  Korpers,  3.5  Millimeter;  des  Palpus,  8;  des  ersten 
bis  vierten  Beines,  13,  24,  18,  22. 

Mannchen. — Korper  und  alle  Gliedmaassen  wie  beim  Weib- 
chen, jedoch  Cheliceren  und  Palpen  des  Mannchens  durch 
sekundare  Geschlechtsmerkmale  abweichend  gebaut.  Cheliceren 
(Tafel  2,  Fig.  1)  machtig  vergrossert,  besonders  das  zweite 
Glied,  sodass  die  Cheliceren  etwa  zwei  Drittel  der  iibrigen  Kor- 
perlange  erreichen  und  beide  zusammen  so  breit  sind  wie  der 
Korper;  erstes  Glied  mit  hohem  apical-dorsalen  Buckel,  der  4 
bis  6  verstreute  Zahnchen  tragt;  zweites  Glied  machtig  aufge- 
trieben  und  verdickt,  glatt-glanzend,  die  Zangen  relativ  klein. 
Palpen  an  Tibia  und  Tarsus  wie  beim  Weibchen,  doch  Coxa 
apical-dorsal  und  -ventral  mit  je  1  Zahn;  Trochanter  dorsal 
und  ventral  mit  je  2  Zahnchen;  Femur  leicht  nach  unten 
gekrummt,  dorsal  und  dorsal-lateral  dicht  rauh  mit  kleineren 
Zahnchen  besetzt,  dorsal-apical  mit  dem  (auch  beim  Weibchen 
vorhandenen)  Dornhaken,  ventral  mit  einer  Langsreihe  aus  8 
Kegeldornen,  deren  basaler  der  grosste  ist,  apical-medial  mit  1 
stumpf en,  bisweilen  stumpf-gabeligen  Dornhocker ;  Patella  (beim 
Weibchen  ganz  unbewehrt)  dorsal-basal  mit  1,  medial  mit  3  bis 
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4  verstreuten  kleinen  und  apical-medial  mit  1  grosseren  Hocker- 
chen,  doch  ventral-lateral  kraftig  bewehrt  mit  einer  Kamm- 
reihe  aus  6  Dornen,  die  von  der  Basis  zur  Patellenspitze  um 
das  Vierfache  an  Grosse  zunehmen.  Zahl  der  Tarsenglieder,  7 
bis  9,  18  bis  24,  7  oder  8,  8  oder  9. 

Farbung  des  Mannchens  an  Korper  und  Gliedmaassen  rostgelb 
wie  das  Weibehen,  doch  die  Palpen  des  Mannchens  von  Coxa 
bis  Patella  schwarz  glanzend. 

Luzon,  Laguna,  Mount  Maquiling,  4  Mannchen  und  6  Weib- 
ehen. 

Type  (Mannchen)  in  der  Sammlung  Baker,  Los  Banos; 
Cotype  in  der  Sammlung  Roewer. 

Als.  ich^  diese  Art  beschrieb  hatte  ich  ni»r  ein  Weibehen  von 
den  Philippinen  vor  mir.  Heute  liegen  mir  mehrere  Weibehen 
und  mit  ihnen  zusammen  gefangen  mehrere  Mannchen  vor,  die 
wohl  sieherlich  als  Mannchen  dieser  Art  aufzufassen  sind,  da 
sie  in  alien  Merkmalen  mit  dem  friiher  beschriebenen  Weibehen 
.von  Dibunus  similis  Roewer  iibereinstimmen  bis  auf  Cheliceren 
und  Palpen,  bei  denen  die  Form  ersterer  und  die  Bewehrung 
letzterer  somit  als  sekundare  Geschlechtsmerkmale  des  Mann- 
chens anzusehen  sind. 

Auf  eines  ist  hier  aber  noch  besonders  hinzuweisen  und 
verdient  in  Hinsicht  auf  die  Trennung  der  Dibuninse  von  den 
iibrigen  Phalangodidse  (Biantinse,  etc.)  der  Hervorhebung. 
Sowohl  die  Mannchen  wie  auch  die  Weibehen  von  Dibunics  si- 
milis zeigen  auf  der  ersten  Area  des  Scutums  in  der  Mitte  und 
zwar  nur  hier  den  Beginn  oder  die  Spuren  einer  weiteren 
Scutumquerfurche,  welche  somit  als  die  eigentliche  (urspriing- 
liche)  zweite  Querfurche  anzusehen  ist.  An  den  Seiten,  also 
in  Nachbarsehaft  des  Seutumlateralrandes,  verschwindet  diese 
Furehe  vollstandig.  Daraus  erhellt  dass,  wie  bei  den  Epeda- 
ninse,  die  ja  als  junge  und  vor  der  letzten  Hautung  stehende 
Tiere  noch  5  Scutumarea  aufweisen,  aber  erwachsen  die  ur- 
spriinglieh  zweite  Querfurche  verloren  und  dann  nur  noch  4 
Scutumarea  haben,  auch  die  4  Area  der  Dibuninse  in  der  gleichen 
Beziehung  zu  den  5  Area  der  Biantinse  stehen,  dass  also  die 
vollige  Verschmelzung  der  urspriinglich  ersten  und  zweiten 
Scutumarea  zur  dann  ersten  Area  bei  den  Phalangodidse  die 
iibliche  ist,  wahrend  bei  anderen  Laniatores  Familien  (zum 
Beispiel,  den  Gonyleptidse)  die  Zahl  4  der  Scutumarea  aus  den 
urspriinglich  5  Area  dadurch  erreicht  wird,  dass  die  ursprunglich 
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dritte  und  vierte  Area  nahtlos  mit  einander  verschmelzen  (zum 
Beispiel,  von  den  Tachylinae  zu  den  Gonyleptin^) . 

Genus  TRIACUDORSUM  Roewer 

Triaciidorsum    Roewer,    Weberknecht<^    der    Erde    (1923)    214. 

Triacudorsum  gracile  Roewer. 

Triacudorsum  gracile   Roewer,   Weberknechte  der   Erde    (1923)    214, 
Fig.  243  und  244. 

Philippinen,  Bohol,  1  Mannchen. 

Genus  TRIACUDORSULUM  novum 

Korper  mehr  oder  weniger  rechteckig,  nur  hinten  gerundet. 
Scutum:  erste  Area  mit  einem  mittleren  Paar  stumpfer  Tu- 
berkeln,  zweite  Area  mit  einem  mittleren  Paar  schlanker  und 
spitzer  Dornen,  dritte  Area  mit  1  medianen  schlanken  und 
spitzen  Dorn;  Scutumhinterrand  und  freie  Tergite  unbewehrt. 
Stigmen  deutlich  sichtbar.  Cheliceren  kraftig;  erstes  Glied  mit 
1  deutlich  abgesetzten  dorsal-aplcalen  Buckel;  zweites  Glied 
teim  Mannchen  dick  aufgetrieben.  Palpen:  Femur  ventral 
kraftig  bewehrt,  dorsal-apical  mit  1  Dornhaken,  apical-medial 
unbewehrt ;  Patella  unbewehrt,  nur  apical-lateral  mit  1  stumpfen 
Hocker;  Tibia  und  Tarsus  ventral -jederseits  kraftig  bestachelt. 
Erstes  bis  viertes  Bein  unbewehrt;  Endabschnitt  des  ersten  und 
des  zweiten  Tarsus  jeweils  2-gliedrig;  erster,  zweiter,  und 
vierter  Tarsus  jeweils  mehr  als  6-gliedrig,  variabel,  dritter 
Tarsus  6-gIiedrig.  Sekundare  Geschlechtsmerkmale  des  Mann- 
chens  am  zweiten  Chelicerenglied. 

Philippinen,  1  Art. 

Triacudorsulum  bakeri  sp.  nov.     Tafel  2,  Fig.  2. 

Lange  des  Korpers,  3  Millimeter;  des  Palpus,  5;  des  ersten 
bis  vierten  Beines,  7,  9.5,  8,  9. 

Carapax  matt-glatt,  am  unteren  Vorderrand  lateral  der  Pal- 
pencoxa  mit  1  abstehenden  Hockerchen.  Scutum:  erste  Area 
mit  einem  mittleren  Paar  stumpfer  Tuberkeln,  lateral  davon 
mit  6  oder  7  Kornchen  bestreut;  zweite  Area  mit  einem  mitt- 
leren Paar  hoher  schlanker  Dornen,  lateral  davon  mit  jederseits 
je  2  Kornchen;  dritte  Area  mit  1  ebenso  hohen  und  schlanken 
Mediandorn,  lateral  davon  jederseits  mit  je  einer  Querreihe  aus 
je  3  Kornchen;  Scutumseitenrand  mit  einer  Langsreihe  blanker 
Hockerchen;  Scutumhinterrand  (=  vierte  Area)  und  erstes  und 
zweites  freies  Tergit  mit  je  einer  Komchenquerreihe ;  iibrige 
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Tergite  und  freie  Sternite  sowie  Flache  der  dritten  und  vierten 
Coxa  matt-glatt.  Erste  Coxa  init  einer  Kornchenlangsreihe, 
zweite  Coxa  auf  der  Flache  leicht  bekornelt,  vierte  Coxa  dorsal- 
apical  mit  einer  dichten  Gruppe  regelloser  Kornchen.  Chelice- 
ren :  erstes  Glied  auf  dem  Dorsalbuckel  mit  2  lateralen  Hocker- 
chen;  zweites  Glied  frontal  grob  und  regellos  bekornelt;  Palpen 
(Tafel  2,  Fig.  2)  :  Coxa  dorsal  und  ventral  mit  je  1  Zahnchen; 
Trochanter  kugelig,  dorsal  mit  1  und  ventral  mit  2  Zahnchen; 
Femur  dorsal  mit  je  1  Zahnchen  im  ersten  und  zweiten  Drittel 
der  Femurlange  und  dorsal-apical  mit  1  kraftigen  Dornhaken, 
ventral-basal  mit  1  grossen  Stachel,  darauf  folgend  bis  zur 
Femurmitte  mit  einer  Langsreihe  aus  5  kleinen  Zahnchen, 
apical-medial  unbewehrt;  Patella  schlank-keulig,  apical-lateral 
mit  1  stumpf en  Hocker ;  Tibia  ventral-lateral  mit  4  und  ventral- 
medial  mit  3  Stacheln;  Tarsus  ventral- jederseits  mit  je  3  langen 
Stacheln;  Klaue  kraftig  und  so  lang  wie  der  Tarsus.  Beine 
diinn,  besonders  das  erste  und  zweite  Bein;  alle  Beine  un- 
bewehrt ;  Zahl  der  Tarsenglieder,  7  bis  9,  18,  6,  7. 

Farbung  des  Korpers  rostgelb,  dorsal  mehr  oder  weniger 
schwarz  genetzt;  Cheliceren  und  Palpen  rostgelb,  letztere  an 
Tibia  und  Tarsus  schwarzlich;  Beine  rostgelb,  leicht  schwarz 
genetzt. 

Luzon,  Laguna,  Mount  Maquiling,  2  Mannchen. 

Type  in  der  Sammlung  Baker,  Los  Baiios;  Cotype  in  der 
Sammlung  Roewer. 

Genus  TETRACUDORSUM  Roewer 
Tetracudorsiim  ROEWER,  Weberknechte  der  Erde   (1923)   214. 
Tetracudorsum  maculatipes  Roewer. 

Tetracudorsum  maculatipes  Roewer,  Weberknechte  der  Erde    (1923) 
214,  Fig.  245. 

Molukken,  Ternate,  1  Mannchen  ? 
Gagrella  gilva  sp.  nov. 

Lange  des  Korpers,  6.5  Millimeter;  des  ersten  bis  vierten 
Beinfemurs,  9,  19,  10,  13 ;  des  ersten  bis  vierten  Beines,  32,  75, 
36,  51. 

Flache  des  Korpers  dorsal  auf  Carapax,  Scutum,  und  freien 
Tergiten  sowie  auf  den  Sterniten  gleichmassig  chagriniert. 
Tuber  oculorum  frontal  und  oben  fein  verstreut  bezahnelt,  doch 
ohne  deutliche  Kammreihen.  Flache  der  ersten  bis  vierten  Coxa 
mit  groben   Kornchen   gleichmassig  bestreut,   die   Hockerchen 
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ihrer  Randreihen  dreispitzig.  Erstes  Glied  der  Cheliceren  dorsal 
glatt.  Palpen:  Femur  ventral,  Patella  dorsal  und  lateral  wie 
auch  Tibia  fein  bezahnelt,  Tarsus  unbewehrt.  Trochanteren 
und  Femora  der  Beine  fein  bezahnelt;  nur  zweites  Femur  mit 
1  Nodulus. 

Farbung  des  Korpers  dorsal  glanzend  isabellenfarben  bis 
goldgelb;  Carapax  vor  und  neben  dem  braunen  Tuber  oculorum 
dick  mit  weissem  Hautdriisensekret  belegt.  Abdomen  dorsal: 
Scutum  und  freie  Tergite  fein  dunkelbraun  umrandet,  auch  der 
eine  Scutummediandorn  dunkelbraun.  Freie  Sternite  und  Coxen 
sparlich  doch  gleichmassig  mit  weissem  Hautdriisensekret  be- 
streut.  Cheliceren  dunkelbraun.  Palpen:  Femur  und  Patella 
braun,  Tibia  und  Tarsus  blassgelb.     Beine  einfarbig  pechbraun. 

Luzon,  Laguna,  Mount  Maquiling,  2  Weibchen. 

Type  in  der  Sammlung  Baker,  Los  Barios;  Cotype  in  der 
Sammlung  Roewer. 

Diese  Art  hat  grossere  Aehnlichkeit  mit  Gagrella  fuseipes 
Roewer,  Neu-Guinea. 

Gagrella  bakeri  sp.  nov.     Taf el  2,  Fig.  4. 

Mdnnchen. — Lange  des  Korpers,  4  Millimeter;  des  ersten  bis 
vierten  Femurs,  10,  21,  14,  18;  des  ersten  bis  vierten  Beines, 
42,  90,  45,  59. 

Weibchen. — Lange  des  Korpers,  5  Millimeter;  des  ersten  bis 
vierten  Femurs,  9,  18,  10,  12;  des  ersten  bis  vierten  Beines, 
35,  80,  37,  51. 

Flache  des  Korpers  dorsal  und  ventral  gleichmassig  bekornelt, 
desgleichen  der  eine  hohe  Scutummediandorn ;  Flache  der  ersten 
bis  vierten  Coxa  grob  bekornelt,  die  Hockerchen  ihrer  Rand- 
reihen dreispitzig.  Tuber  oculorum  oben  matt-glatt,  frontal 
und  hinten  jedoch  fein  bezahnelt.  Erstes  Chelicerenglied  dor- 
sal glatt.  Palpen:  Femur  ventral  und  Patella  wie  Tibia  rings 
fein  bezahnelt;  Tarsus  unbewehrt,  beim  Mannchen  mit  einer 
ventralen  Kornchenlangsreihe.  Beine  an  Trochanteren  und 
Femora  fein  bezahnelt;  nur  zweites  Femur  mit  nur  1  Nodulus. 

Farbung  des  Korpers  und  der  Gliedmaassen  dunkelbraun,  nur 
Tibia  und  Tarsus  der  Palpen  blassgelb.  Carapax  vor  und  neben 
dem  schwarzbraunen  Tuber  oculorum  dick  mit  weissem  Haut- 
driisensekret belegt,  das  nur  vorn  median  und  jederseits  je 
einen  kleinen  braunen  Streif  freilasst.  Solch  weisses  Haut- 
driisensekret belegt  auch  das  Scutum  rings  um  den  schwarz- 
braunen Mediandorn  in  einer  wappenformigen  Zeichnung 
(Taf el  2,  Fig.  4),  welche  sich  nach  hinten  auf  die  freien  Tergite 
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in  einzelnen  Medianfleckchen  fortsetzt.  Freie  Sternite  und  alle 
Coxen  dick  mit  weissem  Hautdriisensekret  belegt,  das  nur  die 
Mundgegend  und  die  groben  Kornchen  der  Flache  der  Coxen 
und  deren  Randhockerreihen  freilasst. 

Luzon,  Laguna,  Mount  Maquiling,  2  Mannchen  und  3  Weib- 
chen. 

Type  in  der  Sammlung  Baker,  Los  Banos;  Cotype  in  der 
Sammlung  Roewer. 

Metagagrella  micans  sp.  nov.     Tafel  2,  Fig.  5. 

Lange  des  Korpers,  6.5  Millimeter;  des  ersten  bis  vierten 
Femurs,  9,  17,  9,  12 ;  des  ersten  bis  vierten  Beines,  36,  75,  36,  49. 

Korper  dorsal  gleichmassig  bekornelt,  nur  die  hellen  Flecken 
glatt  und  ohne  Kornchen.  Tuber  oculorum  oben  jederseits  der 
glatten  Medianfurche  bezahnelt.  Scutum  mit  einem  rauh  be- 
zahnelten  senkrechten  spitzen  Mediandorn.  Freie  Sternite 
bekornelt;  Flache  der  ersten  bis  vierten  Coxa  sehr  grob  be- 
kornelt und  die  Hockerchen  ihrer  Randreihen  dreispitzig. 
Erstes  Chelicerenglied  dorsal  glatt.  Palpen:  Femur  ventral 
mit  einer  Zahnchenlangsreihe  und  dorsal  sparlich  fein  bezahnelt; 
Patella  und  Tibia  rings  spitz  bezahnelt;  Tarsus  unbewehrt, 
beim  Mannchen  mit  einer  ventralen  Kornchenlangsreihe.  Beine 
an  Trochanteren  und  Femora  gleichmassig  bezahnelt;  nur 
zweites  Femur  mit  2  Noduli. 

Farbung  des  Korpers  dorsal  braun,  ohne  Hautdrtisensekret- 
belag,  doch  jederseits  auf  Carapax,  freiem  Thoracaltergit,  Scu- 
tum vorn  und  hinten  sowie  erstem  bis  drittem  freien  Tergit  mit 
silberglanzenden  Perlmutterflecken  (in  Form  und  Anordnung 
siehe  Tafel  2,  Fig.  5) .  Freie  Sternite  und  Coxen  rostgelb, 
gleichmassig  doch  sparlich  mit  weissem  Hautdriisensekret  be- 
deckt.  Cheliceren  blassgelb.  Palpen  einfarbig  rostgelb.  Beine 
hellbraun,  zweite  und  vierte  Tibia  mit  weissgelben  Endringen, 

Luzon,  Laguna,  Mount  Maquiling,  3  Mannchen  und  Weibchen. 

Type  in  der  Sammlung  Baker,  Los  Banos;  Cotype  in  der 
Sammlung  Roewer. 

Bullobunns  bakeri  sp.  nov.     Tafel  2,  Fig.  3. 

Lange  des  Korpers,  4  bis  5  Millimeter;  des  ersten  bis  vierten 
Femurs,  14,  20,  11,  15;  des  ersten  bis  vierten  Beines,  56,  104, 
51,  72. 

Korper  dorsal  und  ventral  mit  erster  bis  vierter  Coxa  gleich- 
massig fein  bekornelt.  Tuber  oculorum  glanzend  glatt,  doch 
frontal-oben  jederseits  mit  je  einem  stumpfen  groben  Hocker- 
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Chen  (Tafel  1,  Fig.  3) ;  Scutum  voUig  unbewehrt.  Hoekerchen 
der  Coxenrandreihen  dreispitzig.  Erstes  Chelicerenglied  dorsal 
glatt.  Palpen:  Femur,  Patella  und  Tibia  ventral,  lateral  und 
dorsal  dicht  bezahnelt,  Patella  apical-medial  mit  einer  kleinen 
fein  bezahnelten  Apophyse;  Tarsus  unbewehrt,  beim  Mannchen 
*mit  einer  ventralen  Kornchenlangsreihe.  Beine  sehr  lang  und 
diinn;  Trochanteren  und  Femora  fein  bezahnelt;  erstes,  drittes, 
und  viertes  Femur  mit  je  1  und  zweites  Femur  mit  6  Noduli. 

Farbung  des  Korpers  dorsal  braun,  gleichmassig  mit  Kornchen 
aus  grauem  Hautdriisensekret  bestreut,  welche  die  Gegend  vor 
dem  schwarz  glanzenden  Tuber  oculorum  bis  zur  Stirnrand- 
mitte  freilassen.  Korper  ventral  pechbraun,  mit  weissem  Haut- 
driisensekret bedeckt,  das  auf  dem  Abdomen  ein  breites  braunes 
Medianband  freilasst;  erste  und  zweite  Coxa  rostgelb,  dritte 
und  vierte  Coxa  pechbraun  und  gleichfalls  mit  grauweissem 
Hautdriisensekret  belegt.  Cheliceren  und  Palpen  einfarbig  rost- 
gelb.    Beine  einfarbig  hell  lostbraun. 

Luzon,  Laguna,  Mount  Maquiling,  8  Mannchen  und  Weibchen. 

Type  in  der  Sammlung  Baker,  Los  Banos;  Cotype  in  der 
Sammlung  Roewer. 
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ILLUSTRATIONEN 

Tafel  1 

Fig.  1.  Zalnioxilla  jnitobatipes  g.  et  sp.  nov.;   a,   K5rper  des  Mannchens, 

dorsal;  6,  viertes  Bein  des  Weibchens;  c,  Palpus  medial. 
2.  Philibalonius  bakeri  g.  et  sp.  nov.;  a,  Korper  des  Mannchens  von 

rechts;  b,  erstes  Bein  (Trochanter  und  Femur) ;  c,  Palpus  lateral; 

d,  Chelicere  des  Mannchens,  medial. 
8.  Lomaniits  minimais  sp.  nov.;  of,  Korper  dorsal;  6,  Palpus  medial; 

6',  erstes  Bein,  lateral. 

4.  Anacudorsum    bakeri    g,    et    sp.    nov.;    Mannchen.     Beide    Palpen 

von  rechts. 

5.  Anacwdorsum  femigineum  g.  et  sp.  nov.;    Mannchen.     a,  Korper 

mit  Cheliceren  und  Palpen  von  rechts;   6,  Cheliceren  in  Dorsal- 
ansicht;   c,  Cheliceren  in  Frontalansicht. 

Tafel  2 

Fig.  1.  Dibunus   sirnilis   Roewer;   Mannchen.     Korper   mit   Cheliceren   und 
Palpen  von  rechts. 

2.  Triaczidorsuhim    bakeri    g.    et    sp.    nov.;    Mannchen.     Korper    mit 

Cheliceren  und  Palpen  von  rechts. 

3.  Bullobunus  bakeri  sp.  nov.;  Tuber  oculorum  von  links. 

4.  Gagrella  bakeri  sp.  nov.;  Korper  in  Dorsalansicht. 

5.  Metagagrella  micans  sp.  nov.;  Korper  in  rechter  Seitenansicht. 
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SYRPHIDEN   (DIPTERA)   VON  DEN  PHILIPPINEN 
UND  MALAYA 

Von  P.  Sack 
Frankfurt  am  Main,  Germany 

ZWEI    TAFELN 

Fiir  das  Studium  philippinischer  Dipteren  sind  zwei  Arbeiten 
grundlegend  geworden:  einmal  die  im  Jahre  1882  erschienene 
Schrift  Osten-Sackens,^  in  der  die  von  Carl  Semper  auf  den 
Philippinen  gesammelten  Dipteren  bearbeitet  sind,  und  dann  die 
Abhandlung  M.  Bezzis,-  die  1913  erschienen  ist  und  das  von  C. 
F.  Baker  und  anderen  Forschern  auf  jener  Inselgruppe  auf- 
gefundene  Dipterenmaterial  zur  Grundlage  hat.  In  diesen  bei- 
den  Arbeiten  sind  die  Syrphiden  nicht  besonders  reich  vertreten. 
In  der  Osten-Sacken'schen  Arbeit  sind,  ausser  einer  Anzahl 
nicht  bestimmter  Tiere,  11  bestimmte  Syrphiden-Arten  enthalten 
und  ausserdem  3  deren  Deutung  nicht  schwer  ist ;  die  Bezzi'sche 
Arbeit  bringt  noch  10  Arten  hinzu.  Im  ganzen  waren  bis  Ende 
1913  nur  23  Arten  dieser  Familie  von  den  Philippinen  bekannt. 
In  der  Zwischenzeit  hat  aber  eine  Anzahl  amerikanischer  En- 
tomologen,  namentlich  die  Herren  C.  F.  Baker  in  Los  Bafios  und 
W.  Schultze  in  Manila,  auf  jener  Inselgruppe  eifrig  und  mit 
gutem  Erfolg  gesammelt.  Das  reiche  Material  dieser  Tatigkeit 
ist  den  folgenden  Untersuchungen  zu  Grunde  gelegt  und  ent- 
halt  53  Arten,  die  seither  von  den  Philippinen  noch  nicht 
bekannt  waren.  Die  Zahl  der  dort  gef undenen  Syrphiden-Arten 
erhoht  sich  dadurch,  mit  Einschluss  einer  von  Dr.  Speiser  (1924) 
bekannt  gegebenen  neuen  Cerioides- Art,  auf  77.  Darunter 
sind  16  Arten,  auf  die  keine  der  vorhandenen  Beschreibungen 
passt,  die  auch,  selbst  bei  Anwendung  von  Zwang,  mit  keiner 
der  von  Walker  unvollstandig  beschriebenen  Arten  tiberein- 
stimmen,  so  dass  sie  wohl  als  neu  bezeichnet  v^erden  miissen. 
Diese  verhaltnismassig  grosse  Zahl  neuer  Spezies  kann  nicht 
befremden,  wenn  man  erwagt,  dass  jene  seit  geologisch  langer 

*  Berlin,  entom.  Zeitschr.  26   (1882)  83-120  und  187-252. 

*  Philip.  Journ.  Sci.  §  D  8    (1913)    305-323. 
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Zeit  vom  Festland  getrennten  und  von  den  benachbarten  Inseln 
verhaltnismassig  weit  entfernten  Eilande  nach  den  seitherigen 
Veroffentlichungen  eine  ganze  Menge  eigentumlicher  Tierformen 
bergen,  darunter  auch  11  Syrphiden-Arten,  die  nur  dort  ge- 
f  unden  worden  sind.  Es  lasst  sich  wohl  auch  voraussagen,  dass 
bei  weiterer  systematischer  Sammeltatigkeit  noch  allerhand 
biologische  und  morphologische  Merkwurdigkeiten  zrnn  Vor- 
schein  kommen  werden. 

Bei  der  Bearbeitung  des  vorliegenden  Materials  leisteten  zwei 
im  Jahre  1908  erschienene  Arbeiten  hervorragende  Dienste :  eine 
Arbeit  von  E.  Brunetti  '  und  eine  von  C.  H.  de  Meijere/  die 
beide  die  Kenntnis  von  den  Syrphiden  der  Malayischen  Region 
wesentlich  erweitert  haben,  die  manchen  Zweifel  beseitigt  und 
in  viele  Gruppen  Klarheit  gebracht  haben. 

Die  im  Folgenden  aufgezahlten  Gattungen  und  Arten  wurden 
nach  dem  Kertesz'schen  Dipterenkatalog  '  geordnet.  Bei  den 
einzelnen  Arten  wurden  ausser  den  Fundorten  auf  den  Philip- 
pinen  auch  das  sonstige  Vorkommen,  beziehungsweise  das  Ver- 
breitungsgebiet  angegeben.  Diese  Angaben  zeigen,  dass  jene 
Inselgruppe  uber  die  Halfte  der  Arten  (42)  mit  den  westwarts 
liegenden  Malayischen  Inseln  und  mit  Ostindien  gemein  hat,  dass 
femer  25  Spezies  auf  dem  nordlich  von  ihnen  liegenden  Formosa 
und  nur  11  Arten  auf  Neu-Guinea  gefunden  wurden,  wahrend 
27  Arten  ftir  die  Philippinen  endemisch  sind. 

Die  beigegebenen  Zeichnungen  diirften  das  Wiedererkennen 
der  neuen  und  einiger  alteren  Arten  wesentlich  erleichtem. 

ZUSAMMENSTELLUNG  DER  AUF  DEN  PHILIPPINEN  BIS  JETZT 
GEFUNDENEN   GATTUNGEN  UND  ARTEN  DER   SYRPHIDEN^ 

Genus  PABAGUS  Latreille 

Paragus  serratus  Fabricius. 

Diese  im  ganzen  siidlichen  Asien  verbreitete  Form  ist  durch 
6  Mannchen  vertreten:  Negros,  Cuernos  Mountains  (Baker), 
1  Mannchen.  Mindanao,  Zamboanga,  Dapitan  (Baker)  y  1 
Mannchen.    Luzon,  Manila  (Schultze),  4  Mannchen. 

Rec.  Ind.  Mus.  2'  (1908)  49-96,  3  Taf.  und  9  Fig. 
'  Tijdschr.  voor  Entom.,  Deel  LI  (1908)   191-332,  2  Taf. 
^  Catalogus  Dipterorum  huiusque  descriptorum,  Budapest  7    (1910). 
•  Die  nicht  in  diesen  Sammlungen  enthaltenen  Arten  sind  mit  einem  * 
versehen. 
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Genus  PLATYCHEIRUS  St.  Farg.  et  Serv. 
Platycheirus  albimanus  Fabricius. 

Diese  ist  im  ganzen  palaarktischen  Gebiet  verbreitet,  aber 
auch  aus  Simla  bekannt. 

Luzon,  Benguet,  Baguio  (Baker),  1  Mannchen,  2  Weibchen. 

Genus  MELANOSTOMA  Schiner 

Melanostoma  ceylonense  Meijere. 

Melanostoma  ceylonense  Meijere,  Tijdschr.  v.  Entom.  54  (1911)  347. 

Die  bis  jetzt  nur  von  Ceylon  bekannte  Art  scheint  nach  den 
vorliegenden  Funden  eine  viel  weitere  Verbreitung  zu  haben. 
Luzon,  Benguet,  Baguio  (Baker),  1  Mannchen,  3  Weibchen. 

Melanostoma  cyathiferum  Walker. 

Die  Art  ist  bis  jetzt  aus  Borneo  und  Neu-Caledonien  bekannt. 
Der  neue  Fundort  bildet  mithin  ein  Zwischenglied  in  der  Ge- 
samtverbreitung.  Die  kurze  Walker'sche  Beschreibung  moge 
im  Folgenden  eine  Erganzung  finden. 

Weibchen, — Der  ganze  Kopf  dunkel  stahlblau,  ziemlich  stark 
glanzend;  die  Stirn  in  Fiihlerhohe  ein  Drittel  der  Kopfbreite 
einnehmend,  nach  oben  zu  nur  wenig  verschmalert.  Lunula 
deutlich;  fiber  der  Fuhlerbasis  zwei  halbkreisformige  braune 
Linien.  Fuhler  gelb;  das  fast  kreisformige  dritte  Glied  am 
Ober-  und  Vorderrande  von  einem  braunen  Saum  eingefasst. 
Fiihlerborste  fein  und  kurz,  aber  deutlich  gefiedert.  Unterge- 
sicht  unter  den  Fuhlern  nicht  ausgehohlt,  senkrecht  abwarts 
laufend,  auf  der  Mitte  mit  kleinem  knopfformigem  Hocker, 
auch  am  Munde  etwas  vortretend.  Hinterkopf  fein  silberweiss 
bestaubt. 

Thorax  dunkelstahlblau,  glanzend,  sehr  fein  punktiert.  Die 
hinteren  Wulste  (unmittelbar  vor  dem  Schildchen)  am  Aussen- 
rande  rostrot.  Die  Brustseiten  ebenfalls  stahlblau.  Schildchen 
ziemlich  lang,  am  Hinterrand  halbkreisformig,  auf  der  Flache 
mit  Querrunzeln,  ganz  stahlblau  glanzend.  Beine  vorwiegend 
gelb  mit  braunen  Stellen ;  braun  sind  die  Schenkel  mit  Ausnahme 
von  Basis  und  Spitze,  ferner  ein  Ring  auf  den  Vorder-  und  Mit- 
telschienen  und  der  grosste  Teil  der  Hinterschienen.  Auch  die 
Tarsen  sind,  besonders  auf  der  Aussenseite,  mehr  oder  weniger 
braun.  Fliigel  ziemlich  stark  gelblich.  Schiippchen  und 
Schv^inger  hellgelb. 
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Hinterleib  braun,  am  Vorderrand  des  zweiten  bis  funften 
Ringes  mit  dreieckigen  Fleckenpaaren,  die  am  Vorderrand  durch 
eine  schmale  Binde  mit  dem  Seitenrand  verbunden  sind.  Am 
braunen  Bauch  schimmert  diese  Zeichnung  durch. 

Lange,  7  Millimeter. 

Luzon,  Benguet,  Baguio  (Baker),  1  Weibchen. 

Melanostoma  orientale  Wiedemann. 

Diese  Art  ist  in  ganz  Sudasien  verbreitet. 
Luzon,  Benguet,  Baguio  (Baker),  1  Weibchen. 

Melanostoma  planifacies  Macquart. 

Diese  leicht  kenntliche  Art  wurde  bis  jetzt  auf  Java,  Sumatra, 
Ceram,  Formosa,  und  Queensland  gefunden.  Der  neue  Fund 
rundet  dieses  Verbreitungsgebiet  gut  ab. 

Luzon,  Laguna,  Mount  Maquiling  (Baker),  1  Mannchen. 

Melanostoma  scalare  Fabricius. 

Diese  scheint  ein  Kosmopolit  zu  sein.  Die  Art  kommt  in 
Europa,  Amerika,  Afrika  (Kilimandscharo),  Asien,  und  Aus- 
tralien  (Neu-Seeland)  vor. 

Luzon,  Benguet,  Baguio  (Schultze),  1  Mannchen;  (Baker),  2 
Weibchen. 

Genus  XANTHANDRUS  Verrall 

Xanthandrus  orientahs  sp.  nov.     Tafel  1,  Fig.  1,  2,  3,  und  4. 

Mannchen, — Augen  nackt,  vorn  auf  mehr  als  die  Halfte  ihrer 
Hohe  zusammenstossend,  Stirndreieck  daher  sehr  klein,  glanzend 
schwarz;  die  Punktaugen  dicht  vor  dem  Scheitel.  Stirn  uber 
den  Fiihlern  stark  vortretend  (Tafel  1,  Fig.  1),  einen  richtigen 
stumpfen  Hocker  bildend.  Fiihler  braun,  drittes  Glied  breit 
elliptisch.  Das  glanzend  schwarze  Gesicht  unter  den  Fiihlern 
seicht  ausgehohlt,  mit  nasenformigem  Hocker,  seitlich  mit  einer 
Spur  von  weisser  Bestaubung.  Behaarung  des  Scheitels  und 
der  Stirn  abstehend,  braun,  die  des  Gesichts  sparlich,  fahlgelb, 
auch  die  Wimpern  am  hinteren  Augenrand  fahlgelb. 

Ruckenschild  tiefschwarz,  metallisch,  mit  blaulichem  Schim- 
mer  und  fahlgelber  sparlicher  Behaarung.  Brustseiten  mehr 
braunschv^arz,  lang  fahlgelb  behaart.  Schildchen  metallisch 
schwarz,  seicht,  aber  deutlich  gerandet  und  fahlgelb  behaart. 
Beine  schwarzbraun,  an  den  Hinterschienen  die  ausserste  Basis, 
an  den  Vorder-  und  Mittelschienen  das  basale  Drittel  rotgelb. 
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Fliigel  auf  der  ganzen  Flache,  besonders  am  Vorderrande  stark 
gebraunt.     Schiippchen  und  Schwinger  rostrot. 

Hinterleib  (Tafel  1,  Fig.  3)  breit  und  flach,  so  breit  wie  der 
Rtickenschild,  eif ormig,  mattschwarz ;  auf  dem  dritten  und  vier- 
ten  Ring  mit  je  einer  breiten  rotgelben  durchgehenden  Binde, 
die  an  ihrem  Hinterrande  auf  der  Mitte  durch  eine  spitze  li- 
nienformige  schwarze  Zeichnung  etwas  eingebuchtet  ist.  Diese 
Binden  leuchten  an  dem  sonst  schwarzen  Bauche  stark  durch, 

Weibchen. — Stirn  und  Untergesicht  ganz  metallisch  schwarz 
glanzend,  nur  der  untere  Rand  der  Lunula  rostrot.  Stirn  an 
den  Fuhlern  fast  ein  Drittel  der  Kopfbreite  einnehmend,  nach 
oben  allmahlich  verschmalert  und  am  Seheitel  nur  halb  so  breit 
wie  in  Fuhlerhohe.  Die  Stirn  zeigt  auf  der  Mitte  einen  breiten 
Quereindruck,  der  von  Auge  zu  Auge  lauft.  Die  Fuhler  dun- 
kelbraun,  drittes  Glied  fast  kreisrund,  auf  der  unteren  Halfte 
heller,  rostrot;  mit  nackter  brauner  Borste.  Gesichtshocker 
(Tafel  1,  Fig.  2)  ziemlich  stark  vorspringend  spitz,  auch  der 
Mundrand  etwas  vorgestiilpt.     Behaarung  sehr  kurz,  hell. 

Thorax  und  Schildchen  metallisch  schwarz  glanzend,  sehr 
kurz  grau  behaart.  Beine  mit  schwarzen  Huften  und  Schen- 
keln,  die  Kniee  und  Schienen  der  beiden  vorderen  Beinpaare  rot, 
letztere  auf  der  Mitte  mit  breitem  schwarzem  Ring;  Tarsen 
schwarzbraun.  Flugel  gleichmassig  braungelb,  Randmal  rost- 
rot.    Schwinger  rostrot.     Schiippchen  blassgelb. 

Hinterleib  (Tafel  1,  Fig.  4)  breit  oval,  so  lang  wie  Kopf  und 
Thorax  zusammen,  metallisch  schwarz,  teilweise  glanzend; 
erster  Ring  glanzend,  zweiter  matt,  die  folgenden  mit  etwas 
blaulichem  Schimmer;  der  dritte  und  vierte  am  Vorderrand  mit 
je  zwei  halbkreisformigen  roten  Flecken,  die  nur  ein  Drittel 
der  Ringlange  einnehmen  und  auf  der  Mitte  durch  eine  rote 
Binde  schmal  verbunden  sind.  Funfter  Ring  ohne  helle  Zeich- 
nung, mit  stahlblauem  Schimmer.  Bauch  schwarz,  auf  der  Mitte 
mit  zwei  rostroten  Flecken. 

Lange,  Mannchen,  9  Millimeter;  Weibchen,  7. 

Negros,  Negros  Occidental,  Canlaon  (Banks) . 

Von  Melanostoma  ruficorne  Big.  aus  Austrahen,  das  wegen 
seines  breiten  Hinterleibes  wohl  auch  zu  Xanthandrus  gestellt 
werden  muss,  unterscheidet  sich  die  vorliegende  Art  durch  die 
dunklen  Beine,  die  braunen  Flugel,  und  das  Mannchen  ausser- 
dem  durch  die  durchgehenden,  nicht  in  Flecke  aufgelosten  gelben 
Binden  des  Hinterleibs. 
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Auch  dem  Melanostoma  anale  Big,  aus  Australien,  das  im 
weiblichen  Geschlecht  noch  nicht  bekannt  ist,  scheint  die  Art 
recht  nahe  zu  stehen.  Doch  sind  bei  dieser  Art  die  Flugel 
''fast  wasserklar;"  auch  ist  die  Art  bedeutend  kleiner. 

Genus  ASARCINA  Macquart 

Asarcina  aegrota  Fabricius.* 

Diese  ist  im  ganzen  Malayischen  Archipel  weit  verbreitet  und 
nirgends  selten.     Man  kennt  sie  von  Siid-  und  Ostasien,  dem 
Indischen  Archipel,  von  Formosa,  den  Philippinen,  und  Neu- 
Guinea. 
Asarcina  consequens  Walker.* 

Diese  Art  ist  bis  jetzt  nur  auf  den  Philippinen  gefunden 
worden. 
Asarcina  eurytaeniata  Bezzi. 

Diese  Art  ist  von  Malacca,  Bah,  und  Formosa  bekannt;  auf 
den  Philippinen  scheint  sie  recht  haufig  zu  sein. 

Luzon,  Laguna,  Los  Baiios  {Schultze),  1  Mannchen  und  1 
Weibchen;  Mount  Maquiling  (Baker),  2  Weibchen.  Mindanao, 
Lanao,  Kolambugan  (Schultze),  1  Mannchen:  Zamboanga,  Da- 
pitan  (Baker),  1  Weibchen. 

Genus  SYRPHUS  Fabricius 
Syrphus  angustatus  sp.  nov.     Tafel  1,  Fig.  5  und  6. 

Schlanke  Art,  mit  ganz  gelbem  Untergesicht,  gelbem  Schild- 
chen,  parallelrandigem  schwarzem  gelbgezeichneten  Hinterleib, 
und  ganz  gelben  Beinen. 

Mannchen. — Die  nackten  Augen  in  einer  sehr  langen  Naht 
zusammenstossend ;  Stirn  vorn  deshalb  sehr  kurz,  dreieckig, 
gelb,  mit  einem  halbkreisformigen,  glanzend  schwarzen  Fleck 
uber  der  Lunula;  Fuhler  ganz  rotgelb,  ebenso  die  Borste.  Un- 
tergesicht (Tafel  1,  Fig.  5)  mit  flachem,  nasenformigem  Hocker, 
ganz  rotgelb,  an  den  Seiten  durch  hellgelbe  Bestaubung  matt 
erscheinend.  Mittelstrieme  stark  glanzend.  Scheitel  und  Stirn 
mit  abstehenden,  vorwarts  gebogenen  schwarzen  Haaren,  Ge- 
sicht  mit  zerstreuten  hellgelben  Harchen;  hinterer  Augenrand 
mit  hellgelben  Wimperhaaren. 

Thoraxriicken  kupferfarben,  stark  glanzend,  mit  abstehender 
gelber  Behaarung;  die  Brustseiten  in  der  vorderen  Halfte  matt- 
gelb  und  gelb   behaart,   in   der  hinteren   mehr   kupferfarbig. 
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Schildchen  ganz  hellgelb  und  braun  behaart.  Beine  ebenfalls 
ganz  hellgelb,  fahlgelb  behaart.  Fliigel  stark  braunlich  ge- 
triibt,  langs  des  Vorderrandes  mit  brauner  Strieme,  die  hinter 
der  zweiten  Langsader  verblasst.  Schuppchen  und  Schwinger 
rotgelb. 

Hinterleib  schlank,  Seitenrander  nahezu  parallel;  erster  Ring 
stark  glanzend,  gold-  bis  kupf erf arbig ;  zweiter  mattschwarz,  mit 
flach  dreieckigen  gelben  Flecken,  deren  Basis  den  ganzen  Sei- 
tenrand  des  Ringes  einnimmt;  dritter  Ring  schwarz,  mit  rotgel- 
ber  Vorderrandbinde,  die  auf  der  Mitte  bis  zur  Ringmitte  reicht 
und  von  da  fast  geradlinig  schief  nach  hinten  lauft  und  am  Sei- 
tenrande  mehr  als  drei  Viertel  der  Ringlange  einnimmt. 
Vierter  Ring  ahnlich  gezeichnet,  nur  erscheint  die  helle  Binde 
braun  und  weniger  deutlich.  Letzter  Ring  und  die  Genitalien 
glanzend  schwarz.  Behaarung  des  Hinterleibs  an  den  hellen 
Stellen  und  am  Seitenrande  hellgelb,  sonst  dunkel.  Bauch  vorn 
bis  2ur  Mitte  des  dritten  Ringes  gelb,  mit  Ausnahme  zweier 
brauner  Langslinien  unter  dem  etwas  umgeschlagenen  Seiten- 
rand ;  hintere  Half te  braun  mit  violettem  Schimmer. 

Lange,  10  Millimeter. 

Luzon  {Schultze),  2  Mannchen. 

Syrphus  balteatus  Degeer  var.  nectarinus  Wiedemann. 

Dieser  scheint  auf  den  Osten  Asiens  beschrankt  zu  sein.  Er 
wurde  bisher  gefunden  auf  Java,  Temate  und  Formosa,  aber 
auch  in  China. 

Luzon,  Laguna,  Mount  Maquiling  {Baker) ,  1  Mannchen :  Ben- 
guet,  Baguio  (Schultze),  1  Weibchen. 

Syrphus  fulvifacies  Brunetti.     Tafel  1,  Fig.  7. 

Das  vorliegende  Stiick  ist  wie  der  von  Brunetti  beschriebene 
Typus  ein  Weibchen.  Es  stimmt  in  alien  plastischen  Merkmalen 
sehr  gut  mit  der  Originalbeschreibung  iiberein.  Von  S.  ribesii 
Linnaeus,  dem  die  Art  sehr  ahnlich  sieht,  ist  sie  durch  den  schmal 
aber  deutlich  gerandeten  Hinterleib  leicht  zu  unterscheiden,  was 
Brunetti  wohl  iibersehen  hat. 

Fur  die  Feststellung  der  Variabilitatsgrenze  der  Art  sind 
folgende  Abweichungen  von  der  Beschreibung  Brunettis  ange- 
fiigt.  Der  Innenrand  des  Mundrandes  ist  bei  dem  vorliegenden 
Stiick  nicht  schwarz,  sondern  nur  leicht  gebraunt;  die  von  Bru- 
netti angefiihrten  schwarzen  Haare  zu  beiden  Seiten  des 
Gesichtshockers  fehlen.  Behaarung  des  Thorax  auch  auf  dem 
Riicken  deutlich  und  goldgelb.     Haare  auf  der  unteren  Halfte 
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der  Brustseiten  viel  heller  als  auf  der  oberen,  aber  nicht  grau, 
sondem  fahlgelb. 

Luzon,  Benguet,  Baguio  (Baker),  1  Weibchen. 

Syrphus  serarius  Wiedemann. 

Dieser  scheint  im  ganzen  Osten  und  Siidosten  Asiens  vorzu- 
kommen.  Er  wurde  bis  jetzt  gefunden  in  China,  Japan,  For- 
mosa, Ceylon,  und  Java.  Das  vorliegende  Stiick  (Mannchen) 
stammt  von  Baguio,  Benguet,  Luzon  (Baker) . 

Genus  XANTHOGRAMMA  Schiner 
Xanthogramma  calceata  sp.  nov.     Tafel  1,  Fig.  8. 

Weibchen, — Kopf  gelb;  die  breite,  nach  hinten  zu  allmahhch 
verschmalerte  Stirn  mit  glanzend  schwarzer  Strieme;  Lunula 
vorn  schmal  rotgelb,  etwas  vortretend.  Augen  nackt.  Fiihler 
rotbraun,  drittes  Glied  elliptisch,  am  Ober-  und  Vorderrande 
schwarzlich;  die  nackte  Borste  hellbraun.  Punktaugen  nahe 
dem  Scheitel,  fast  gleichweit  von  einander  entfernt.  Unter- 
gesicht  (Tafel  1,  Fig.  8)  gelb,  mit  glanzend  schwarzer,  nach  un- 
ten  etwas  verschmalerter  Mittelstrieme,  die  knapp  vor  dem 
oberen  Mundrande  abbricht  und  diesen  schmal  gelb  lasst;  unter 
den  Fuhlern  nur  seicht  ausgehohit,  dann  flach  nach  vorn  ge- 
wolbt,  so  dass  der  Mundrand  fast  senkrecht  unter  der  innersten 
Stelle  der  Ausbuchtung  liegt.  Wangen  und  Backen  ganz  gelb. 
Hinterkopf  mattschwarz,  am  Augenrande  grau  bestaubt  und 
nicht  sehr  auffallend  grau  behaart.  Behaarung  der  Stirn  auf 
den  gelben  Teilen  graulich,  auf  der  schwarzen  Mittelstrieme  dun- 
kel ;  Behaarung  des  Untergesichts  fahlgelb. 

Thoraxriicken  glanzend  schwarz,  mit  etwas  grunlichem  Schim- 
mer,  seitlich  mit  je  einer  von  den  Schultern  bis  zum  Schildchen 
reichenden  gelben  Seitenstrieme.  Auf  den  mattschwarzen  Pleu- 
ren  liegen  gelbe  Flecken,  und  zuweilen  2  striemenformige  am 
Vorderrand,  ein  etwas  breiterer  unter  der  Quernaht,  unter 
diesem  ein  gelber  Querfleck,  an  den  sich  nach  hinten  noch  zwei 
weitere  Flecken  anschliessen,  von  denen  der  letzte  bei  weitem 
grosser  ist.  Die  sparliche  Behaarung  des  Thoraxruckens  fahl- 
braun,  die  der  Pleuren  hellgelb.  Schildchen  gelb,  auf  der  Flache 
mit  nicht  sehr  grossem  mattbraunem  Fleck;  Behaarung  des 
Schildchens  schwarz,  ziemlich  lang  und  dicht. 

Die  beiden  vorderen  Beinpaare  gelb  mit  schwarzen  Tarsen, 
an  denen  nur  die  Wurzel  des  Metatarsus  gelb  ist.  An  den  Hin- 
terbeinen  ist  die  Basalhalfte  der  Schenkel  gelb,  alles  Uebrige 
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schwarzbraun.     Fliigel     graulich,     das     Randnial     honiggelb. 
Schiippchen  und  Schwinger  rotgelb. 

Hinterleib  ziemlich  schlank,  langer  als  Kopf  und  Thorax  zu- 
sammen,  am  Hinterrande  des  zweiten  Ringes  am  breitesten  und 
dort  etwas  breiter  als  der  Thorax,  von  da  gleichmassig  schmaler 
werdend.  Grundfarbe  mattschwarz,  mit  glanzend  schwarzen 
und  rotgelben  Zeichnungen.  Auf  dem  zweiten  und  dritten  Ring 
je  eine  auf  der  Mitte  breit  unterbrochene  rotgelbe  Mittelbinde, 
die  den  Seitenrand  nicht  ganz  erreicht;  am  vierten  Ring  ist 
bei  dem  vorliegenden  Stiick  eine  solche  Binde  durch  einen  braun- 
lichen  Ton  angedeutet.  Am  zweiten,  dritten,  und  vierten  Ring 
liegt  ausserdem  eine  glanzend  schwarze  Hinterrandbinde ;  die 
folgenden  Ringe  ganz  glanzend  schwarz.  Am  schwarzen  Bauch 
schimmern  die  gelben  Fleckenpaare  durch. 

Lange,  7  Millimeter. 

Negros,  Occidental  Negros,  Ganlaon  Volcano  (Banks)  y  1 
Weibchen. 

Genus  ISCHIODON  Sack 

Ischiodon  scutellaris  Fabricius. 

Verbreitungsgebiet,  Erythrea,  Afrika  bis  Formosa.  Die  Art 
scheint  nach  den  vorliegenden  Funden  auf  den  Philippinen  nicht 
selten  zu  sein. 

Luzon,  Benguet,  Trinidad  (Schultze),  2  Mannchen  und  1 
Weibchen.  Negros,  Occidental  Negros,  Ganlaon  (Banks),  2 
Mannchen  und  1  Weibchen. 

Genus  DOROS  Meigen 
Doros  humetalis  sp.  nov.     Tafel  1,  Fig.  9,  10,  und  11. 

Mannchen  und  Weibchen. — Sehr  schlanke  Art,  mit  schmalem, 
aber  an  der  Basis  nicht  auffallend  verengtem,  gelb  gezeichnetem 
Hinterleib;  mit  auffallenden  gelben  Schulterbeulen  und  schmut- 
zig  braungelbem  Schildchen  und  mit  getrennten  Augen  und 
stahlblauem  Untergesicht. 

Mannchen, — Stim  stahlblau,  vorn  schmal,  etwa  von  ein  Neun- 
tel  der  Kopfbreite,  nach  hinten  gleichformig  breiter  werdend,  an 
den  oberen  Augenecken  von  etwa  ein  Viertel  der  Kopfbreite, 
dann  als  Wulst  den  hinteren  Augenrand  umfassend;  iiberall 
abstehend  schwarz  behaart.  Punktaugen  ziemlich  weit  nach 
vorn  geruckt,  unterhalb  der  Stirnmitte,  nicht  auf  einem  beson- 
ders  abgegrenzten  Hocker.  Vorn  tritt  in  der  Nahe  der  Flihler 
die  Stim  etwas  vor;  sie  ist  dort  an  den  Seiten  mit  kurzem 
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fuchsrotem  Toment  bedeckt  und  ausserdem  gelb  behaart.  Fiih- 
ler  kurz,  die  beiden  ersten  Glieder  braun,  drittes  gross,  oben 
stark  abgerundet,  gelb,  weiss  bestaubt.  Borste  braun.  Augen 
kurz,  aber  deutlich  hell  behaart.  Untergesicht  (Tafel  1,  Fig. 
9)  mit  einem  wenig  vortretenden  Hocker,  wie  bei  Melanostoma; 
ganz  stahlblau,  seitlich  fuchsrot  bestaubt  und  ganz  gelb  behaart. 
Russel  kurz  und  dick.  Der  stahlblaue  Hinterkopf  am  Augen- 
rande  breit  rotgelb  bestaubt. 

Thorax  matt  braunschwarz,  die  Schulterbeulen  hellgelb,  etwas 
durchscheinend,  gross,  wie  aufgeblasen;  auf  dem  Thoraxriicken 
die  Spuren  dreier  grauer  Langslinien;  an  der  Quernaht  beider- 
seits  ein  hellgelber  Fleck,  von  dem  auf  den  braunschwarzen 
Brustseiten  jederseits  eine  grau  bestaubte,  weiss  schimmernde 
Strieme  nach  den  Mittelhuften  zieht.  Auch  die  hinteren  Tho- 
raxschwielen  und  das  Schildchen  sind  durchscheinend,  honiggelb. 
Behaarung  des  Thorax  ausserst  kurz  und  sparsam. 

Die  Beine  besitzen  in  ihrem  Bau  keinerlei  Auszeichnung. 
Hiif ten  braun ;  Schenkel  an  der  Basis  gelb,  der  Rest  braun,  und 
zwar  die  beiden  vorderen  Paare  zu  je  drei  Viertel,  das  hintere 
Paar  zu  ein  Drittel.  Schienen  und  Tarsen  dunkelbraun.  Flu- 
gel  bis  zur  Hinterleibsspitze  reichend,  etwas  grau,  an  der 
aussersten  Spitze  etwas  gebraunt;  Randmal  honiggelb;  kleine 
Querader  im  ersten  Drittel  der  Diskoidalzelle ;  die  vena  spuria 
ist  sehr  kraftig,  sie  reicht  vom  Ursprung  der  zweiten  Langs- 
ader  bis  nahe  der  Spitze  der  Diskoidalzelle,  wo  sie  durch  eine 
aus  der  vierten  Langsader  herausragende  Querader  aufgenom- 
men  wird.  Das  Geader  zeigt  also  eine  recht  urspriingliche 
Form.  Flugellappen  ganz  normal.  Schuppchen  und  Schwinger 
hellbraun. 

Hinterleib  (Tafel  1,  Fig.  10  und  11)  an  der  Basis  nahezu 
von  der  Breite  des  Thorax;  er  wird  bis  zum  dritten  Ring  hin 
etwas  schmaler  und  nimmt  dann  wieder  an  Breite  zu,  sodass 
der  letzte  Ring  wieder  so  breit  ist  wie  der  erste.  Seine  Farbe 
ist  dunkelbraun  mit  blaulichem  Schimmer  und  gelben  Zeich- 
nungen.  Der  zweite  Ring  ist  vorwiegend  gelb,  von  der  Grund- 
farbe  bleibt  ein  am  Hinterrande  stehendes  Dreieck  iibrig,  dessen 
Spitze  sehr  stark  nach  vorn  ausgezogen  ist,  sowie  zwei  feine 
Langsstriemen  am  aussersten  Seitenrand;  der  dritte  und  vierte 
Ring  sind  vorwiegend  stahlblau,  stark  glanzend,  mit  dreieckigen 
gelben,  aber  stark  blaulich  schimmernden  Fensterflecken ;  Ge- 
nitalring  gelb  mit  dunklem  Mittelfleck.  Bauch  gelb  mit  dunklen 
Hinterrandsaumen. 
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Weibchen, — Das  Weibchen  ist  grosser  und  kraf tiger;  Stirn 
wie  beim  Mannchen,  aber  etwa  ein  Viertel  des  Kopfdurchmes- 
sers  breit,  auf  der  Mitte  mit  grau  bestaubter  Querbinde.  Die 
grauen  Thoraxstriemen  sind  breiter  als  beim  Mannchen  und 
treten  deutlicher  hervor.  Am  Hinterleib  zeigt  der  zweite  Ring 
eine  weinglasartige  sammtschwarze  Zeichnung  auf  der  Mitte,  die 
am  Vorder-  und  Hinterrand  eine  gelbe  Querlinie  f reilasst ;  drit- 
ter  Ring  vorwiegend  sammtschwarz  mit  gelbem  Vorder-  und 
Hinterrand  und  auf  der  vorderen  Half  te  mit  gelben  Seitenflecken, 
die  sich  auf  der  Ringmitte  fast  beriihren.  Vierter  Ring  vorn 
mit  grau  bestaubter,  hinten  mit  gelber  Binde ;  f  iinf  ter  mit  gelbem 
Hinterrand.     Alles  andere  wie  beim  Mannchen. 

Lange,  Mannchen,  10  Millimeter;  Weibchen,  12. 

Penang  {Baker),  1  Weibchen;  ausserdem  aus  Singapore 
{Baker)  y  1  Mannchen  und  1  Weibchen. 

Die  Art  steht  der  Baccha  robusta  Brunetti,  die  wohl  auch 
eine  Do7^os  ist,  sehr  nahe,  unterscheidet  sich  aber  von  ihr  durch 
die  schlankere  Gestalt  und  die  abweichende  Farbung  und  Zeich- 
nung sehr  wesentlich. 

Genus  BACCHA  Fabricius 

Baccha  amphithoe  Walker. 

Diese  ist  im  sudlichen  Asien  weit  verbreitet  und  nicht  selten. 
Luzon,  Laguna,  Los  Bafios  {Baker),  1  Mannchen. 

Baccha  austeni  Meijere. 

Diese  Art  ist  von  Java  und  Sumatra  bekannt. 
Luzon,  Benguet,  Baguio  {Baker),  1  Weibchen. 

Baccha  cochleariformis  sp.  nov.     Tafel  1,  Fig.  12. 

Weibchen. — Stirn  nach  hinten  stark  verschmalert,  schwarz, 
etwas  glanzend.  Lunula  mit  stark  violettem  Schimmer  und  star- 
kem  Glanze.  Fiihler  ganz  orangegelb,  drittes  Glied  klein,  nur 
wenig  langer  als  breit.  Untergesicht  mit  glanzender  schwarzer 
Mittelstrieme  und  gelben  Seitenstriemen,  die  bis  iiber  die  Fiihler 
hinauf  reichen.  Backen  ganz  gelb.  Hinterkopf  schwarz,  grau 
bestaubt,  am  hinteren  Augenrande  mit  gelben  Wimpern. 

Thoraxriicken  glanzend  blauschwarz;  Schulterbeulen  und  ein 
grosser  dreieckiger  Fleck  seitlich  von  der  Naht  hellgelb;  die 
hinteren  Thoraxschwielen  braunlich ;  auf  den  Pleuren  eine  breite 
gelbe  Strieme,  die  von  den  gelben  Seitenflecken  des  Ruckens  nach 
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unten  zieht,  darunter  noch  ein  dreieckiger  gelber  Fleck ;  im  ubri- 
gen  sind  die  Pleuren  schwarz  mit  einigem  blaulichem  Schimmer. 
Behaarung  des  Thorax  kurz,  hellgelb.  Schildchen  halbkreis- 
formig,  schwarzblau,  stark  glanzend,  der  Vorderrand  mit  ganz 
schmalem  gelbem  Strich;  die  zerstreute  Behaarung  ist  hellgelb. 
Die  beiden  vorderen  Beinpaare  sind  ganz  rotgelb,  das  hintere 
Paar  ebenfalls  gelb,  aber  die  Hinterschenkel  auf  der  Spitzen- 
halfte  mit  breitem  braunem  Ring  und  die  Hinterschienen  im 
Spitzendrittel  braun.  Flugel  etwas  getriibt ;  die  Vorderrandzelle 
schokoladebraun  und  an  der  Spitze  zwischen  der  ersten  und 
dritten  Langsader  ein  verwaschener  brauner  Fleck.  Alula  zur 
Halfte  entwickelt,  mit  geradem  Hinterrand.  Schlippchen  rot- 
lichgelb. 

Hinterleib  (Tafel  1,  Fig,  12)  vom  Hinterrand  des  ersten  Ring- 
es  bis  zum  Grunde  des  dritten  Ringes  sehr  stark  verschmalert, 
dann  rasch  verbreitert,  im  ganzen  lofFelformig.  Erster  Ring 
ganz  rotgelb;  der  verschmalerte  zweite  ebenfalls,  aber  mit  dunk- 
lem  Ring  auf  dem  letzten  Viertel;  dritter  und  vierter  schwarz, 
mit  je  einer  gebogenen  gelben  Mittelbinde  die  den  Seitenrand 
nicht  ganz  erreicht,  aber  am  vierten  Ring  auf  der  Mitte  sich 
bis  zum  Vorderrand  des  Ringes  erstreckt.  An  diesem  Ring  sind 
ausserdem  die  hinteren  Ecken  gelb.  Fiinfter  Ring  schwarz- 
braun,  mit  zwei  dreieckigen  gelben  Seitenflecken,  die  sich  vom 
Vorder-  bis  zum  Hinterrande  ausdehnen.  Der  letzte  Ring  ist 
ganz  rotgelb.     Bauch  der  Oberseite  entsprechend  gezeichnet. 

Lange,  12  Millimeter. 

Mindanao,  Surigao,  Surigao  {Baker),  1  Weibchen. 

Baccha  loriae  Meijere. 

Baccha  loriae  Meijere,  Tijdschr.  v.  Entom.  51    (1908)    324. 

Diese  Art  war  bis  jetzt  nur  aus  Neu-Guinea  bekannt;  scheint 
aber  auf  den  Philippinen  nicht  selten  zu  sein. 
Luzon,  Manila  (Schiiltze),  4  Mannchen. 

Baccha  meijeri  Kertesz. 

Baccha  meijeri  Kertesz,  Ann.  Mus.  Nat.  Hung.  11    (1913)  279. 

Diese  Art  wurde  bis  jetzt  nur  auf  Formosa  gefunden. 
Mindanao,  Lanao,  Kolambugan  (Baker) ,  1  Weibchen. 

Baccha  pedicellata  DoL* 

Diese  Art,  von  Java  und  den  Philippinen  bekannt.  ist  viel- 
leicht  mit  der  vorhergehenden  identisch. 
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Baccha  pulchrifrons  Aust.* 

Diese  Art  wurde  auf  Ceylon,  Java,  und  Formosa  gefunden. 

Baccha  purpuricola  Walker. 

Diese  Art  ist  durch  die  Beschreibung  von  Kertesz  jetzt  gut 
zu  erkennen.     Sie  findet  sich  auf  Neu-Guinea  und  den  Key  Inseln. 

Luzon,  Laguna,  Mount  Banahao  {Baker),  1  Weibchen.  Ne- 
GROS,  Canlaon,  Siya-Siya  {Banks),  3  Mannchen. 

Baccha  signata  sp.  nov. 

Mannchen. — Augen  auf  einer  langen  Strecke  zusammen- 
stossend ;  Stirndreieck  lang  und  schmal,  glanzend  schwarz ;  Stirn 
mitten  mit  dreieckigem  schwarzem  Fleck,  der  an  den  Augen- 
randem  von  hellgelben  Streifen  eingef asst  ist,  die  sich  in  nahezu 
gleicher  Breite  auf  das  Untergesicht  bis  zum  Mundrand  er- 
strecken  und  auch  die  vordere  Halfte  der  Backen  einnehmen; 
Mitte  des  Untergesichts  also  mit  glanzend  schwarzer  Strieme, 
Fiihler  ganz  orangerot.  Hinterkopf  mattschwarz,  am  Augen- 
rand  grau  bestaubt,  dort  mit  kleinen  Wimpem. 

Thorax  schwarz,  durch  anliegende  helle  Harchen  matt  er- 
scheinend,  mit  zwei  breiten  hellgelben  Seitenstriemen,  die  sich 
von  den  Schulterbeulen  bis  zum  Hinterrande  erstrecken.  Auf 
den  schwarzen  Pleuren  eine  breite  senkrechte  hellgelbe  Strieme, 
die  bis  zu  den  Mittelhuften  reicht;  ausserdem  ein  runder  gelber 
Fleck  unmittelbar  vor  den  Schwingern.  Schildchen  dreieckig, 
stark  gewolbt,  an  der  basalen  Halfte  hellgelb,  an  der  Spitzen- 
halfte  glanzend  schwarz.  Hinterriicken  gleichfalls  glanzend 
schwarz.  Die  beiden  vorderen  Beinpaare  ganz  gelb;  Hinter- 
beine  braun,  ihre  Schenkel  mit  gelber  Spitze ;  ihre  Schienen  mit 
gelber  Basis.  Fliigel  etwas  grau,  mit  brauner  Vorderrandbinde, 
die  hinten  durch  die  zweite  Langsader  begrenzt  wird,  die  sie 
aber  an  der  Flugelspitze  uberschreitet,  um  sich  bis  zur  dritten 
Langsader  hinzuziehen.  Dritte  Langsader  sehr  deutlich  gebo- 
gen.  Alula  rudimentar.  Schiippchen  hellgelb  und  so  gefranst. 
Schwinger  braun. 

Hinterleib  sehr  stark  gestielt,  hinten  spindelformig.  Erster 
Ring  aus  breiter  Basis  hinten  stark  verengt,  so  dass  er  dreieckig 
erscheint,  ganz  hellgelb;  zweiter  Ring  braun,  sehr  schmal  und 
sehr  stark  verlangert,  langer  als  alle  f olgenden  Ringe  zusammen ; 
auch  der  dritte  Ring  an  der  basalen  Halfte  stark  verschmalert, 
dann  aber  rasch  erweitert;  er  ist  braun  und  tragt  im  hinteren 
Drittel  eine  breite  hellgelbe  Binde,  die  den  Seitenrand  nicht 
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erreicht.  Die  folgenden  Ringe,  einschliesslich  der  Genitalringe, 
sind  schokoladebraun.  Die  gelbe  Binde  des  dritten  Ringes 
scheint  auch  auf  der  braunen  Bauchseite  durch. 

Lange,  11  Millimeter. 

Mindanao,  Kolambugan  (Baker),  1  Mannchen. 

Verwandt  mit  B,  tHangvlifera  Aust.,  von  der  sie  sich  aber 
durch  folgendes  leicht  unterscheiden  lasst:  Die  schwarze  Ge- 
sichtsstrieme  reicht  bis  zum  Mundrand  und  die  Thoraxstriemen 
gehen  bis  zum  Schildchen;  dritte  Fliigellangsader  deutlich  ge- 
bogen ;  der  vierte  Ring  zeigt  nichts  Stahlblaues. 

Genus  SPHEGINA  Meigen 

Sphegina  arientalis  Kertesz. 

Sphegina  orientalis  Kertesz,  Ann.  Mus.  Nat.  Hung.  12   (1914)  73. 

Diese  Art  war  bis  jetzt  nur  von  Formosa  bekannt. 
Luzon,  Benguet,  Baguio  (Baker),  1  Mannchen. 

Genus  VOLUCELLA  Geoffroy 
Volucella  decorata  Walker.     Tafel  1,  Fig.  13. 

In  einem  Mannchen  glaube  ich  die  durch  Walker  von  Celebes 
beschriebene  Art  zu  erkennen.  Ich  gebe  die  ausfuhrliche  Be- 
schreibung  dieses  Stiickes. 

Mannchen. — Die  in  der  oberen  Halfte  dicht  behaarten,  in  der 
unteren  dagegen  fast  nackten  Augen  stossen  in  einer  langen 
Linie  zusammen,  so  dass  hinten  nur  ein  kleines  schmales  Schei- 
teldreieck  und  vorn  ein  fast  gleichseitiges  braunes  Stirndreieck 
iibrigbleibt.  Dieses  springt  sehr  stark  vor  (Tafel  1,  Fig.  13), 
Fiihler  rostrot;  drittes  Glied  nierenformig,  vorn  ausgebuchtet 
(Fuhlerborste  fehlt).  Untergesicht  unmittelbar  unter  den  Fuh- 
lem  so  stark  ausgehohlt,  dass  die  Orbiten  •  seitlich  etwas  vor- 
treten,  springt  dann  aber  plotzlich  stark  vor  und  fallt  vom 
vordersten  Punkte  fast  senkrecht  ab,  ohne  einen  deutlichen 
Hocker.  Es  ist  glanzend  lohfarben,  mit  zwei  Paar  undeutlichen 
braunen  Seitenstriemen.  An  den  Seiten  ist  es  grau  bestaubt, 
unten  ganz  scharf  zugespitzt  und  der  Mundrand  vorn  bogen- 
formig  ausgeschnitten.  Backen  sehr  schmal.  Hinterkopf 
schwarzbraun,  seitlich  grau  bestaubt,  nur  am  Scheitel  mit  eini- 
gen  langeren  braunen  Haaren.  Stirndreieck  hellbraun  behaart. 
Gesicht  auf  dem  ausgehohlten  Teil  fast  nackt,  auf  dem  vorspring- 
enden  Teil  dagegen  kurz,  aber  dicht  schwarz  behaart. 
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Thorax  lohfarben,  der  Ruckenschild  dunkelbraun,  glanzend, 
mit  metallisch  kupferfarbigem  Schimmer.  Schildchen  lohfar- 
ben, auf  der  Mitte  hinten  etwas  eingedriickt  und  dort  dunkel- 
braun. Behaarung  von  Thorax  und  Schildchen  kurz,  aber  dicht, 
fahlgelb,  langer  am  Hinterrande  und  auf  den  Brustseiten.  Tho- 
rax und  Schildchen  tragen  ganz  charakteristische  schwarze 
Borsten :  einen  Biischel  seitlich  von  der  Quernaht,  von  dem  auch 
einige  Borsten  auf  die  Pleuren  hinabsteigen ;  eine  Reihe  Borsten 
langs  des  Seitenrandes,  unmittelbar  uber  der  Flugelwurzel  bis 
zum  Schildchen,  und  sogar  mit  einer  Borste  auf  den  Seitenrand 
des  Schildchens  (ibertretend;  eine  Reihe  Borsten  (8  bis  10)  am 
hinteren  Thoraxrand  unmittelbar  vor  dem  Schildchen.  Der 
Hinterrand  des  Schildchens  tragt  nur  lange  hellgelbe  Borsten- 
haare. 

Die  Beine  zeigen  keinen  auffallenden  Bau;  sie  sind  dunkel- 
braun mit  hellgelben  Stellen  an  den  Enden  der  Schenkel  und 
Schienen;  auch  die  2  oder  3  basalen  Tarsenglieder  sind  hell. 
Fliigel  etv^as  getriibt;  langs  der  Adern,  besonders  auf  der  vor- 
deren  Halfte  hellgelb,  in  der  Gegend  des  Randmales  und  vor  der 
Spitze  mit  verv^aschener  Braunung.  Schiippchen  hellbraun, 
Schwinger  fahlgelb. 

Hinterleib  kupf rig  schwarzbraun,  mit  drei  hellgelben  Binden ; 
die  erste  Binde  breit,  den  ganzen  ersten  Ring  und  den  Vorder- 
rand  des  zweiten  einnehmend;  die  beiden  folgenden  schmal,  am 
Hinterrande  und  Vorderrande  der  Ringe  zw^ei  und  drei,  bezie- 
hungsweise  drei  und  vier.  Dieselbe  Zeichnung  tritt  auch  auf 
der  Bauchseite  auf,  nur  erweitert  sich  dort  die  zweite  Binde 
seitlich  stark  nach  vorn  und  nimmt  am  Rande  die  ganze  Ring- 
lange  ein.     Mannliche  Genitalien  wenig  vortretend. 

Lange,  16  Millimeter. 

Mindanao,  Surigao,  Surigao  {Baker)  y  1  Mannchen. 

Genus  GRAPTOMYZA  Wiedemann 

Graptomyza  brevirostris  Wiedemann. 

Von  Java,  Sumatra,  und  den  Nikobaren  bekannt. 
Mindanao,  Davao,  Davao  {Baker),  1  Weibchen. 

Graptomyza  ilavipes  Meijere.     Tafel  1,  Fig.  14,  15,  und  16. 

Von  dieser  durch  de  Meijere  ^  gut  gekennzeichneten  Art 
scheint  noch  keine  Abbildung  in  der  Litteratur  zu  bestehen.     Ob- 

'Tijdschr.   v.   Entom.   54    (1911)    344. 
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wohl  nun  das  vorliegende  Stuck  in  den  wesentlichen  Charak- 
teren  mit  der  Beschreibung  Meijeres  iibereinstimmt,  scheint  es 
doch  angebracht,  das  Tier  abzubilden. 
Mindanao,  Surigao,  Surigao  {Baker),  1  Weibchen. 

Graptoinyza  literata  Osten  Sacken." 

Diese  Art  ist  nur  von  den  Philippinen  bekannt  geworden. 

Graptomyza  microdon  Osten  Sacken.     Tafel  1,  Fig.  17. 

Auch  diese  Art  ist  nur  von  den  Philippinen  bekannt.  Die 
beigegebene  Zeichnung  (Tafel  1,  Fig.  17)  wird  den  Unterschied 
im  Bau  des  Kopfes  der  vorliegenden  Art  und  Graptomyza  li- 
terata zeigen. 

Luzon,  Laguna,  Mount  Banahao  {Baker),  1  Weibchen:  La- 
guna,  Mount  Maquiling  {Baker),  1  Weibchen. 

Genus  ERISTALIS  Latreille 

Eristalis  agyrus  Walker.* 

Nur  von  den  Philippinen  bekannt. 

Eristalis  albitibiis  sp.  nov.     Tafel  1,  Fig.  18. 

Ganz  violettschwarze  Art,  mit  lichtbraunen  Fuhiern  und  teil- 
weise  weissen  Schienen  an  den  beiden  vorderen  Beinpaaren. 

Mdnnchen, — Die  nackten  Augen  stossen  auf  einer  sehr  langen 
Linie  zusammen,  sodass  das  Scheiteldreieck  sehr  klein  ist  und 
gerade  Raum  f lir  die  Punktaugen  gewahrt.  Die  oberen  Facetten 
sind  bedeutend  grosser  als  die  untel*en.  Die  dunkle  schwarz- 
violette  Stirn  ist  an  der  Fiihlerbasis  massig  vorgezogen.  Die 
lichtbraunen  Fiihler  haben  ein  kurz  eiformiges  drittes  Glied  und 
eine  nackte  Borste.  Das  tiefviolette  Untergesicht  ist  unter  den 
Fiihlern  stark  ausgehohlt  und  tritt  dann  plotzlich  zu  einem 
breiten  Hocker  stark  vor.  Mundecke  stumpf .  Die  Backen  sind 
ausserordentlich  schmal.  Behaarung  der  Stirn  schwarz,  die 
kurze  Behaarung  des  Untergesichts  fahl.  Hinterer  Augenrand 
beiderseits  weiss  schimmernd. 

Thorax  und  Schildchen  dunkelviolett,  glanzend;  ohne  jede 
Zeichnung,  mit  sehr  kurzer  aufgerichteter  schwarzer  Behaarung. 
Hinterrand  des  Schildchens  scharf  gerandet,  ohne  auffallende 
Borsten.  Beine  dunkelviolett ;  an  den  beiden  vorderen  Paaren 
das  basale  Drittel  der  Schienen  weisslich,  Hinterschenkel  mas- 
sig verdickt,  die  Hinterschienen  kaum  gebogen,  im  basalen 
Drittel  etwas  ausgeschnitten.     Flugel  glashell,  an  der  aussersten 
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Basis  etwas  gebraunt;  Geader  normal  schwarzbraun.  Schiipp- 
chen  braun  und  so  gefranst,  Schwinger  weisslich. 

Hinterleib  violett,  stark  glanzend;  Bauch  braun,  was  auf  den 
drei  ersten  Ringen  auch  oberseits  etwas  durchschimmert.  Be- 
haarung  am  zweiten  Ring  und  an  der  Basis  des  dritten  dicht 
aber  kurz.  sammtschwarz,  auf  den  folgenden  Ringen  sparlich, 
hell.     Hypopygidium  schwarzbraun,  unterseits  braun. 

Lange,  10  Millimeter. 

Negros,  Cuernos  Mountains  {Baker) ,  1  Mannchen. 

Von  den  orientalischen  Eristalis-AviQn  diirfte  nur  E,  obliterans 
Walker  der  vorliegenden  Art  ahnlich  sein.  Die  Walker'sche 
Art  hat  aber  einen  blaulichgriinen  Hinterleib,  der  am  dritten 
Ringe  ''vorn  einen  schwarzen  Fleck  und  hinten  eine  unterbro- 
chene  schwarze  Binde''  besitzt. 

Eristahs  an^orum  Fabricius. 

Diese  Art  ist  im  ganzen  Suden  und  Osten  Asiens  von  Bengalen 
bis  China  verbreitet  und  dort  fast  uberall  haufig. 

Negros,  Cuernos  Mountains  {Baker),  1  Mannchen.  Luzon, 
Manila  {Schultze),  1  Mannchen  und  1  Weibchen.  Guam 
{Schultze),  1  Weibchen. 

Eristalis  babytace  Walker.* 

Nur  von  den  Philippinen  bekannt. 

Eristahs  bidentata  sp.  nov.     Tafel  1,  Fig.  19  und  20. 

Kleine  Art  mit  nackten  Augen,  nackter  Fiihlerborste,  quer- 
gebandertem  Thorax,  und  gelb  gezeichnetem  Hinterleib. 

Mannchen, — Kopf  gelb,  die  nackten  Augen,  deren  Facetten 
auf  der  oberen  Halfte  bedeutend  grosser  sind  als  auf  der  un- 
teren,  stossen  auf  einer  sehr  langen  Strecke  zusammen,  sodass 
das  Scheiteldreieck  sehr  klein  ist  und  gerade  fiir  die  auffallend 
grossen  rubinroten  Punktaugen  Platz  bietet.  Auch  das  (vor- 
dere)  Stirndreieck  ist  sehr  klein;  die  Stirn  tritt  dort  ziemlich 
stark  hervor;  sie  ist  mit  Ausnahme  der  nackten  glanzenden 
Lunula,  hellgelb  und  gelb  behaart.  Fuhler  hellgelb,  das  dritte 
Glied  langlich  eiformig,  mit  nackter  braunlichgelber  Borste. 
Untergesicht  in  der  oberen  Halfte  fast  senkrecht,  in  der  unteren 
etwas  zurtickweichend,  nur  ganz  wenig  unter  die  Augen  herab- 
gehend  und  vorn  stumpf  endend.  Hinterkopf  stumpfsehwarz, 
seitlich  und  unten  grau  bestaubt;  seine  Behaarung  oben  hinter 
dem  Scheiteldreieck  braun,  seitlich  und  unten  weiss.  Unter  den 
Fuhlem  ist  das  Untergesicht  nur  ganz  wenig  ausgehohlt;  der 
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Gesichtshocker  ist  lang,  nasenformig,  aber  ziemlich  flach.  Die 
Farbung  des  Untergesichts  ist  hellgelb,  ebenso  die  Behaarung; 
die  Mittelstrieme  ist  dagegen  nackt,  stark  glanzend,  rotbraun; 
sie  reicht  bis  zum  Mundrand.  Die  sehr  schmalen  Backen  haben 
gerade  unter  dem  unteren  Augenrand  eine  braune  Strieme. 

Am  Thorax  ist  der  ausserste  Vorderrand  dunkel,  dann  folgt 
eine  gelb  bestaubte  und  so  behaarte  Querbinde,  die  bis  zur 
Quernaht  reicht  und  sie  seitlich  etwas  nach  hinten  zu  uber- 
schreitet;  hinter  der  Quernaht  liegt  eine  breite  braunschwarze 
Querbinde,  deren  Vorderrand  geradlinig,  deren  Hinterrand  da- 
gegen in  drei  bogenformige  Abschnitte  zerfallt,  die  durch  zwei 
nach  hinten  ziehende  Spitzen  getrennt  sind.  Das  letzte  Viertel 
des  Thoraxruckens  ist  dann  von  einer  gelben,  durch  die  Be- 
haarung seidenartig  glanzenden  Querbinde  bedeckt,  deren  Vor- 
derrand sich  dem  Hinterrande  der  vorgelagerten  schwarzen 
Binde  anschmiegt.  Die  gelben  Thoraxbinden  setzen  sich  seitlich 
auf  den  Pleuren  fort,  und  zuweilen  strahlen  von  den  vorderen 
zwei  Binden  aus ;  eine  schief  nach  vorn  bis  zu  den  Vorderhuf ten, 
die  zweite  fast  senkrecht  nach  unten;  uber  den  Mittelhiiften 
liegt  ein  gelber  Querfleck,  der  die  letztgenannte  Binde  mit  der 
hinteren,  vor  der  Fliigelwurzel  abwartsziehenden  verbindet. 
Diese  letztere  ist  sehr  breit  und  fiillt  fast  die  ganze  hintere 
Pleurenhalfte  aus.  Von  der  schwarzen  Grundfarbe  bleibt  des- 
halb  dort  nur  wenig  ubrig.  Die  Behaarung  des  Thorax  ist 
nicht  sehr  auffallend,  abwechselnd  dunkel  und  hell,  auf gerichtet ; 
die  Behaarung  der  Pleuren  ist  auf  den  hellen  Stellen  weisslich. 
Das  halbkreisformige  Schildchen  zeigt  langs  der  Basis  eine 
schmale  gelbe  Linie,  hinter  der  eine  breite  schwarzbraune  Quer- 
binde liegt,  die  ein  sammtartiges  Aussehen  besitzt.  Das  hintere 
Drittel  nimmt  dann  wieder  eine  hellgelbe  Binde  ein.  Behaarung 
des  Schildchens  braun,  auf  der  gelben  Hinterrandbinde  gelb. 
Beine:  am  vordersten  Beinpaare  sind  die  Schenkel  und  die  Ba- 
salhalfte  der  Schienen  hellgelb  und  ebenso  behaart,  die  Spitz- 
enhalfte  der  Schienen  und  die  Tarsen  dagegen  braun;  die 
Mittelbeine  sind  nahezu  ganz  gelb,  die  Tarsen  werden  von  der 
Basis  nach  dem  Endglied  hin  dunkler.  An  den  etwas  verdickten 
llinterschenkeln  ist  nur  das  basale  Drittel  hellgelb,  der  Rest  dage- 
gen schwarzbraun ;  ihre  Schienen  sind  an  der  Basis  etwas  gelb, 
sonst  von  der  Farbe  der  Hinterschenkel ;  der  schlanke  Meta- 
tarsus ist  hellbraun,  die  ubrigen  Tarsenglieder  dunkelbraun. 
Auf  der  Unterseite  der  Hinterschenkel  stehen  kurze  Borsten- 
haare,  die  nach  der  Spitze  zu  etwas  kraftiger  werden.     Fltigel 
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glashell,  das  Randmal  honiggelb,  die  Beugung  der  dritten  Langs- 
ader  in  die  erste  Hinterrandzelle  ist  auffallend  schwach,  der 
Knoten  der  auffallend  stark  entwickelten  "vena  spuria"  ist  durch 
eine  kleine  Querader  mit  der  dritten  Langsader  verbunden. 
Schlippchen  und  Schwinger  gelb. 

Hinterleib  schwarzbraun,  mit  stark  glanzender  rotgelber 
Zeichnung.  Erster  Ring  ganz  gelb,  zweiter  sammtartig  schwarz- 
braun, mit  zwei  grossen,  hinten  bogenformig  begrenzten 
rotgelben  Flecken  am  Vorderrand,  die  an  den  Seiten  die  dunkle 
Grundfarbe  bis  auf  einem  schmalen  Hinterrandsaum  verdrangen 
und  auf  der  Mitte  nur  durch  eine  dunkle  Langslinie  getrennt 
sind.  Dritter  Ring  ahnlich  gezeichnet,  nur  sind  die  beiden  rot- 
gelben Seitenflecke  auf  der  Mitte  breit  getrennt,  doch  ist  die 
trennende  dunkle  Farbung  nur  braun,  nicht  sammtschwarz,  wie 
der  breite  Hinterrand.  Vierter  Ring  rotgelb  mit  sammtschwar- 
zem  Hinterrand.  Genitalien  glanzend  schwarzbraun.  Bauch- 
seite  der  Oberseite  entsprechend  gezeichnet. 

Lange,  9  Millimeter. 

Mindanao,  Lanao,  Kolambugan  (Banks,  1914),  1  Mannchen; 
Davao,  Davao  (Baker) ,  1  Mannchen. 

Die  Art  ist  sehr  nahe  verwandt  mit  Eristalis  collaris  Meijere, 
die  verglichen  werden  konnte  und  sicher  von  der  vorliegenden 
verschieden  ist;  ganz  besonders  auffallend  ist  das  zweifarbige 
Schildchen  der  vorliegenden  Art.  Von  den  Walker'  schen  Arten 
miissen  Eristalis  babytace  und  E.  plistoanax  wegen  des  quer- 
gebanderten  Thorax  zum  Vergleich  heran  gezogen  werden.  Die 
vorliegende  Art  unterscheidet  sich  von  beiden  sicher  durch  die 
Farbung  der  Beine  und  der  Fliigel,  sowie  durch  die  Zeichnung 
des  Hinterleibs. 

Eristalis  cingulata  sp.  nov.     Tafel  2,  Fig.  1. 

Ein  der  Eristalis  tenax  Linnseus  nicht  unahnliches  Tier,  dessen 
Augen  ebenfalls  eine  dunkle  Haarbinde  tragen,  dessen  Fiihler- 
borste  aber  lang  gefiedert  ist. 

Weibchen, — Stim  von  etwa  ein  Drittel  der  Kopfbreite,  nach 
oben  nur  wenig  verschmalert,  schwarzbraun,  an  den  Augenran- 
dern  schmal  gelblich  bestaubt,  auf  der  Mitte  dagegen  schwarzlich 
bestaubt  und  schwarzbraun  behaart.  Lunula  glanzend  rotbraun, 
Fuhler  rostbraun,  drittes  Glied  fast  kreisrund  mit  langgefie- 
derter  rostroter  Borste.  Augen  dicht  hell  behaart,  auf  der 
vorderen  Halfte  mit  einer  breiten  senkrechten  Strieme  abste- 
hender  dunkelbrauner  Haare.     Untergesicht  breit  und  kurz,  mit 


582  ^^^  Philippine  Journal  of  Science  1926 

stumpfem  Hocker,  rostbraun,  an  den  Seiten  etwas  dunkler  und 
dort  mit  dichter  und  ziemlich  langer  strohgelber  Behaarung,  die 
die  Grundfarbe  verdeckt.  Nach  innen  wird  diese  Behaarung 
immer  kiirzer  und  lasst  den  Hocker  in  schmaler  Langslinie  frei. 
Auch  die  Backen  und  der  hintere  untere  Augenrand  sind  stroh- 
gelb  behaart. 

Riickenschild  schwarzbraun,  etwas  grau  bestaubt,  mit  ziem- 
lich dichter  gelblicher  und  schwarzbrauner  gemischter  Behaa- 
rung; auf  der  Mitte  herrscht  hinter  der  Naht  die  dunkle 
Behaarung  vor.  Brustseiten  mit  langer,  rein  gelber  Behaarung. 
Schildchen  klein,  rostrot,  auf  der  Flache  schwarz  behaart,  am 
Vorder-  und  Hinterrand  dagegen  gelb  behaart.  Beine  mit 
schwarzbraunen,  an  der  Spitze  rostroten  Schenkeln,  rostroten 
Schienen  und  Tarsen ;  diei  gebogenen  Hinterschienen  vorwiegend 
braun  und  die  Hintertarsen  ganz  braun.  Behaarung  der  Beine 
fast  ganz  hellgelb.  Flugel  ganz  rostfarben  getriibt,  besonders 
stark  auf  der  Mitte,  ohne  dass  dort  ein  deutlicher  Wisch  entsteht. 
Randmal  kurz,  braun.     Schuppchen  und  Schwinger  rostfarben. 

Hinterleib  (Tafel  2,  Fig.  1)  braunschwarz  mit  rostroter 
Zeichnung :  erster  Ring  braun ;  zweiter  mit  einer  auf  der  Mitte 
des  Ringes  liegenden  rostroten  Querbinde,  die  mitten  schmal 
unterbrochen  ist,  und  mit  schmalem  rostfarbigem  Hinterrand; 
an  den  folgenden  Ringen  sind  der  Vorder-  und  Hinterrand 
schmal  rostrot,  so  dass  diese  Farbe  schmale  Binden  bildet;  auf 
dem  dritten  Ringe  findet  sich  ausserdem  eine  rostfarbige  Quer- 
binde, am  fiinften  Ring  sind  die  Vorderecken  rostrot.  Bauch 
bis  auf  dunkle  Flecken  am  Seitenrand  ganz  rostrot. 

Lange,  15  Millimeter. 

Negros,  Occidental  Negros,  Canlaon  Volcano  {Banks:  Baker), 
2  Weibchen. 

Eristalis  coUaris  Meijere. 

Diese  Art  wurde  von   Neu-Guinea  beschrieben   und  kommt 
nach  dem  vorliegenden  Fund  auch  auf  den  Philippinen  vor. 
Mindanao,  Lanao,  Kolambugan  (Baker),  1  Mannchen. 

Eristalis  flava  sp.  nov.     Tafel  2,  Fig.  2  und  3. 

Eine  kleine,  am  Riickenschild  rotgelb  gestriemte,  im  ubrigen 
fast  ganz  einfarbig  ockergelbe  Art. 

Mannchen, — Die  nackten  Augen  stossen  in  einer  langen  Naht 
zusammen,  so  dass  die  Stirn  oben  auf  den  stark  erhabenen  Punkt- 
hocker  reduziert  ist.     Die  Facetten  der  oberen  Halfte  grosser 
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als  die  der  unteren.  Ueber  den  Augen  hat  die  fahlgelbe,  dicht 
gelb  bestaubte  Stirn  bei  Betrachtung  von  vorn  die  Form  eines 
gothischen  Spitzbogens;  bei  seitlicher  Betrachtung  tritt  sie 
ziemlich  weit  vor,  ohne  einen  gesonderten  Ftihlerhocker  zu 
bilden.  Die  Fuhler  sind  kurz,  hellgelb,  das  dritte  Glied  kurz 
elliptisch ;  die  gelbe  Fiihlerborste  ist  nackt.  Untergesicht  unter 
den  Flihlern  kaum  ausgehohlt  und  dann  zu  einem  flachen  nasen- 
formigen  Hooker  vorgezogen,  dicht  weisslich  behaart  und  auch 
auf  der  Mittelstrieme  weisslich  bestaubt.  Riissel  dunkelbraun. 
Hinterkopf  dunkelbraun,  unterseits  am  Augenrande  kurz  weiss- 
lich behaart. 

Der  Riickenschild  zeigt  vier  rotgelbe,  etwas  glanzende  Langs- 
striemen,  die  breiter  sind  als  die  dazwischenliegenden  mattgelben 
Telle.  Brustseiten  hellgelb,  dicht  bestaubt  und  kurz  hellgelb  be- 
haart; der  schmale  Streifen  uber  der  Fliigelwurzel  erscheint 
etwas  dunkler,  rotgelb.  Schildchen  ebenfalls  hellgelb,  etwas 
glanzend.  Ueber  die  Mitte  lauft  quer  eine  rostrote,  nicht  scharf 
begrenzte  Binde,  die  durch  die  kurze  braune  Behaarung  dunkler 
erscheint.  Beine  ganz  gelb;  nur  an  den  Gelenken,  besonders 
der  Tarsen  zeigt  sich  ein  mehr  braunlicher  Anflug,  und  an  der 
Basis  der  Schenkel  findet  sich  unterseits  ein  brauner  Punkt. 
Flugel  wasserhell  mit  gelben  Adern  und  braunem  Punkt  am  ba- 
salen  und  feinem  braunem  Querstrich  am  Spitzenteil  des  sonst 
hellgelben  Randmales.     Schiippchen  und  Schwinger  hellgelb. 

Hinterleib  kurz,  etwa  so  lang  wie  Kopf  und  Thorax  (ohne 
Schildchen)  zusammen;  an  der  Basis  so  breit  wie  der  Thorax, 
nach  hinten  verschmalert ;  Seitenrand  von  oben  gesehen  nach 
aussen  konvex.  Die  beiden  ersten  Ringe  hellgelb,  vom  dritten 
an  mit  rotlichem  Schimmer.  Der  erste  Ring  an  der  Basis  mit 
braunlichem  Mittelfleck;  am  zweiten  auf  der  Mitte  mit  feiner 
brauner  Langslinie,  die  nach  hinten  allmahlich  verblasst ;  vierter 
und  fiinfter  Ring  auf  der  Mitte  und  am  Hinterrande  rotbraun, 
sonst  mit  hell  rotgelbem  Schimmer.     Bauch  ganz  hellgelb. 

Lange,  10  Millimeter. 

Luzon,  Manila  (Banks;  Baker),  1  Mannchen. 

Eristalis  maculipennis  Meijere.     Tafel  2,  Fig.  4. 

Eristalis  maculipennis  Meijere,  Tijdschr.  v.  Entom.  51    (1908)   261. 

Diese  an  dem  grossen  braunen  Fliigelfleck  leicht  kenntliche 
Form  (Tafel  2,  Fig.  4)  wurde  aus  Ost  Java  beschrieben. 

Mindanao,  Zamboanga  (Baker) ,  1  Weibchen.  Negros,  Cuer- 
nos  Mountains  (Baker),  1  Weibchen;  bei  diesem  Stuck  ist  der 


584  The  Philippine  Journal  of  Science  1326 

Flugelfleck  sehr  verwaschen;  das  Tier  macht  auch  sonst  den 
Eindruck  eines  nicht  ausgefarbten  Exemplars. 

Eristalis  obscuritarsis  Meijere. 

Eristalis  obscuritarsis  Meijere,  Tijdschr.  v.  Entom.   51    (1908)    250. 

Aus  Formosa  bekannt. 

Luzon,  Laguna,  Mount  Maquiling  (Baker),  1  Mannchen;  Los 
Baiios  (Baker),  1  Weibchen. 

Eristalis  plistoanax  Walker.* 

Nur  von  den  Philippinen  bekannt. 

Eristalis  quadristriata  Macquart. 

Aus  Ostindien  und  von  Formosa  bekannt ;  liegt  in  einem  Stuck 
von  den  Philippinen  vor. 

Negros,  Cuernos  Mountains  (Baker),  1  Weibchen. 

Eristalis  quinquestriata  Fabricius. 

Diese  Art  ist  ebenfalls  von  Ostindien  und  Formosa  bekannt, 
Luzon,  Manila  (Schultze),  1  Weibchen.     Negros.  Occidental 

Negros,  Maao  (Banks),  1  Weibchen. 

Eristalis  semisplendens  sp.  nov.     Tafel  2,  Fig.  5  und  6. 

Mit  schwarzbraunen  Flihlern  und  Ruckenschild,  der  vor  der 
Naht  eine  helle  Querbinde  und  vor  dem  Schildchen  eine  metallisch 
glanzende  Stelle  besitzt.  Schildchen  ebenfalls  metallisch  (mes- 
singgelb)  schimmernd  mit  |fhwarzer  Basis.  Hinterleib  mit 
gelblichen,  metallischgrun  schimmernden  Binden. 

Weibchen.— Augen  nackt,  breit  getrennt;  Stirn  schwarz,  auf 
der  vorderen  Halfte  glanzend,  auf  der  hinteren  matt,  langs  des 
Augenrandes  hell  schimmernd,  an  der  Fiihlerbasis  rostrot.  Fuh- 
ler  schwarzbraun ;  drittes  Glied  breit,  wenig  langer  als  breit,  ellip- 
tisch.  Borste  nackt.  Gesicht  (Tafel  2,  Fig.  5)  unter  dem  etwas 
vorspringenden  Fiihlerhocker  ausgehohlt,  dann  zu  einem  nicht 
sehr  weit  vorspringenden  Mittelhocker  vorgezogen,  schwarz, 
aber  an  den  Seiten  dicht  gelblich  bestaubt,  so  dass  eine  breite 
glanzende  Mittelstrieme  ubrigbleibt.  Hinterer  Augenrand  un- 
ten  weiss  schimmernd  und  weiss  behaart ;  Stirn  schwarz  behaart ; 
Gesicht  fahlgelb  behaart. 

Ruckenschild  sammtschwarz,  an  der  Naht  mit  weisslicher 
Querbinde,  die  auf  der  Mitte  breit  unterbrochen  ist;  auf  der 
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vorderen  Halfte  liegt  eine  undeutliche,  mitten  durch  eine  feine 
Querlinie  geteilte,  schwarzliche  Langsstrieme,  neben  der  von  der 
Quernaht  aus  zwei  undeutliche  gelbe  Flecken  nach  vorn  Ziehen. 
Vor  dem  Schildchen  eine  breite  metallglanzende  Binde,  so  dass 
hinter  der  Quernaht  nur  eine  schmale  sammtschwarze  Querbinde 
ubrigbleibt.  Brustseiten  auf  der  vorderen  Halfte  mit  einer 
grauen  Strieme.  Behaarung  von  Thorax  und  Brust  auf  den 
dunklen  Stellen  braun,  auf  den  hellen  fahlgelb.  Schildchen 
rotlichgelb,  mit  sammtschwarzer  Basis,  stark  metallisch  schim- 
mernd,  braun  behaart.  Beine  schwarzbraun,  das  hinterste 
Schienenpaar  im  basalen  Drittel,  die  beiden  vorderen  Paare  auf 
zwei  Dritteln  ihrer  Lange  gelb.  Flugel  etwas  gebraunt,  mit 
hellbraunem  Stigma.     Schuppchen  und  Schwinger  gelb. 

Hinterleib  mattschwarz  mit  gelben,  stark  metallisch  schim- 
mernden  Binden;  erster  Ring  an  den  Seiten  rotgelb;  zweiter 
mit  grossen  dreieckigen  rotgelben  Seitenflecken ;  dritter  mit 
breiter  Vorderrand-  und  schmaler  Hinterrandbinde ;  f  iinf ter  ganz 
schwarz.  Die  sammtschwarzen  Binden  sind  dem  Hinterrande 
der  Ringe  nicht  parallel,  sondern  auf  der  Ringmitte  mehr  nach 
vorn  gezogen,  was  besonders  auf  dem  zweiten  Ring  sehr  aufFal- 
lend  ist. 

Lange,  12  Millimeter. 

Negros,  Occidental  Negros  (Schultze),  2  Weibchen;  Cuernos 
Mountains  (Baker),  1  Weibchen.  Mindanao,  Surigao,  Surigao 
(Schultze),  1  Weibchen.  Luzon,  Tayabas,  Malinao  (Baker), 
1  Weibchen. 

Von  den  Walker'schen  Arten  kommt  wegen  der  metallisch- 
griin  schimmernden  Hinterleibsbinden  E.  agyriis  in  Betracht; 
Walker  erwahnt  aber  in  seiner  Beschreibung  weder  den  metal- 
iischgriin  schimmernden  Fleck  auf  dem  Thoraxriicken,  noch  die 
charakteristische  Zeichnung  des  Schildchens,  noch  die  ganz  auf- 
fallenden  sammtschwarzen  Hinterleibsbinden.  Auch  ist  die  Far- 
bung  des  Gesichts  bei  der  vorliegenden  Art  ganz  anders  als  dies 
Walker  angibt.  Er^istalis  splendens  Le  Guill.  konnte  verglichen 
werden  und  ist  von  der  gegenwartigen  Art  verschieden. 

Eristalis  suavissima  Walker. 

Diese  Art  ist  von  de  Meijere  gut  gekennzeichnet,  so  dass  keine 
erganzende  Beschreibung  notig  ist.  Die  Art  war  bis  jetzt  von 
Neu-Guinea  und  von  den  Aruinseln  bekannt. 

Luzon,  Manila  (Sctmltze),  1  Mannchen:  Laguna,  Mount  Ma- 
quiling  (Baker),  1  Weibchen. 
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Eristalis  tristriata  Meijere. 

Eristalis  tristriata  Meijere,  Tijdschr.  v.  Entom.  54  (1911)  342. 

Diese  Art  ist  bisher  nur  von  Java  bekannt. 
Negros,    Occidental    Negros,    Canlaon    Volcano    {Ba7iks),    1 
Weibchen. 

Eristalis  velutina  sp.  nov.     Tafel  2,  Fig.  7  und  8. 

Weibchen, — Die  breite  Stirn  an  den  oberen  drei  Vierteln 
mattschwarz,  mit  sammtartiger  schv^arzer  Behaarung.  Vorn  ist 
die  Stirn  zu  einem  kraftigen  Hocker  ausgezogen,  auf  dem  die 
Fiihler  stehen  (Tafel  2,  Fig.  7).  Diese  sind  lichtbraun,  das 
dritte  Glied  ist  im  Umrisse  vorn  kaum  gebogen,  fast  geradlinig, 
so  breit  wie  lang.  Die  lichtbraune  Borste  ist  an  der  basalen 
Halfte  kurz  gefiedert.  Die  braunen  Augen  sind  nackt.  Gesicht 
hellbraun,  unter  den  Augen  stark  ausgehohlt,  auf  der  Mitte  mit 
einem  nicht  weit  vorspringendem  plumpem  Hocker,  auch  der 
vordere  Mundrand  tritt  hockerartig  vor.  Die  Gesichtsseiten 
sind  dicht  hellgelb  bestaubt,  die  Gesichtsmitte  dagegen  in  der 
Breite  des  Hockers  von  der  Einbuchtung  bis  zum  Mundrand  glan- 
zend;  das  ganze  Gesicht  mit  sparsamer  hellgelber  Behaarung. 
Der  hintere  Augenrand  ist  oben  schwarz,  seitlich  und  unten  hell- 
gelb behaart. 

Thoraxrucken  schwarzbraun,  mit  Spuren  von  vier  dunklen 
Langslinien ;  die  Quernaht  selbst  an  den  Seiten  hellgelb  bestaubt. 
Die  dunkle  Bestaubung  geht  vor  dem  Schildchen  ebenfalls  in 
hellgelbe  iiber  und  bedeckt  auch  den  grossten  Teil  der  Pleuren. 
Schildchen  lichtbraun,  etwas  gerandet.  Die  Behaarung  ist  sehr 
sparsam  und  kurz,  braun  und  gelb  gemischt,  auf  den  heHen 
Stellen  goldgelb.  Beine:  Vorder-  und  Mittelschenkel  obenauf 
schwarzbraun,  unterseits  gelblich;  die  zugehorigen  Schienen  an 
der  basalen  Halfte  v^eisslich,  an  der  Spitzenhalfte  dunkelbraun. 
Die  Vordertarsen  braun,  etwas  verbreitert.  Hinterschenkel 
lichtbraun,  an  beiden  Enden  verdunkelt.  Hinterschienen 
schwarzbraun  mit  etwas  violettem  Schimmer,  auf  der  Mitte  mit 
dreieckigem  hellgelbem  Fleck.  Hintertarsen  schwarzbraun. 
AUe  Klauen  schwarzbraun,  die  Haftlappchen  hellgelb.  Flugel 
grau,  durchsichtig,  ohne  auffallendes  Randmal.  Schuppchen 
hellgelb,  ischmal  schwarz  gerandet  und  gewimpert. 

Hinterleib  lichtbraun,  stark  glanzend  mit  leichtem  violettem 
Schimmer    und    sammtschwarzen    Zeichnungen;    erster    Ring 
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hellbraun;  zweiter  mit  einer  basalen  und  einer  apikalen 
sammtschwarzen  Binde,  letztere  auf  der  Mitte  des  Hinterrandes 
ausgerandet,  beide  auf  der  Ringmitte  durch  eine  schwarze 
Langslinie  verbunden.  Dritter  und  vierter  Ring  auf  der  Mitte 
mit  einer  breit  unterbrochenen  sammtschwarzen  Binde,  f unfter 
auf  der  hinteren  Halfte  schwarzlich.  Bauch  fast  ganz  sammt- 
schwarz,  nur  die  Einsehnitte  hell. 

Lange,  16  Millimeter. 

Negros,  Cuernos  Mountains  {Baker),  1  Weibchen. 

Genus  MEGASPIS  Macquart 

Megaspis  errans  Fabricius. 

Weit  verbreitet  in  Slid-  und  Ostasien ;  auch  von  Formosa  und 
den  Philippinen  schon  bekannt. 

Luzon,  Laguna,  Mount  Maquiling  (Baker),  1  Mannchen, 
Mindanao,  Zamboanga,  Dapitan  {Baker),  1  Mannchen.  Nord- 
WEST  Panay  {Baker),  1  Weibchen. 

Megaspis  zonata  Fabricius. 

Diese  Art  ist  uberall  im  Siiden  und  Osten  Asiens  verbreitet. 
Negros,  Cuernos  Mountains  {Baker),  1  Weibchen.     Minda- 
nao, Zamboanga  {Baker) ,  1  Weibchen. 

Genus  AXONA  Walker 
Axona  chalcopyga  Wiedemann. 

Das  Vorkommen  dieser  prachtigen  Fliege  auf  den  Philippinen 
ist  bereits  bekannt;  sonstiges  Verbreitungsgebiet :  der  Indische 
Archipel  und  Neu-Guinea. 

SiBUYAN  {Baker),  1  Weibchen. 

Genus  TUBIFERA  Meigen 
Tubifera  albiceps  v.  d.  Wulp. 

Diese  Art  wurde  von  den  Aru  Inseln  beschrieben,  aber  auch 
auf  Celebes  und  Formosa  gefunden. 

Negros  {Schultze),  l  Mannchen.  Luzon,  Laguna,  Los  Baiios 
(Schultze),  1  Weibchen;  Los  Bafios  {Baker),  1  Weibchen. 

Tubifera  celeber  Osten  Sacken.* 

Diese  Art  wurde  bis  jetzt  nur  auf  den  Philippinen  gefunden. 
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Genus  TEUCHOMERUS  Sack 

Teuchomerus  orientalis  Brunetti. 

Teuchomems  orientalis  Brunbtti,  Rec.  Ind.  Mus.  2   (1908)  74. 

In  Ostindien  verbreitet,  auf  Formosa  haufig,  und  auch  auf 
den  Philippinen  vertreten. 

Mindanao,  Davao,  Davao  {Baker),  1  Mannchen  und  1  Weib- 
chen. 

Genus  PENTHESILEA  Meigen 

Penthesilea  cyaniventris  sp.  nov.     Tafel  2,  Fig.  9. 

Mannchen. — Augen  vorn  auf  einer  kurzen  Strecke  zusammen- 
stossend,  nur  durch  eine  Furche  getrennt,  nackt;  schwarzes  Stirn- 
dreieck  lang  und  schmal.  Das  vorderste  der  grossen  rubinroten 
Punktaugen  von  den  beiden  anderen  viel  weiter  entfernt  als 
diese  von  einander.  Stirnhocker  weit  vorragend  (Tafel  2,  Fig. 
9),  schwarz,  messinggelb  bestaubt,  an  der  Ftihlerbasis  schmal 
rostrot.  Die  Stirn  zeigt  eine  feine  Langsfurche.  Fiihler  kurz, 
zweites  Glied  doppelt  so  lang  w^ie  das  erste,  beide  schwarzbraun ; 
drittes  Glied  kurz,  breiter  als  lang,  rostrot  mit  ebenso  gefarbter 
nackter  Borste.  Untergesicht  unter  den  Fuhlern  tief  ausge- 
hohlt,  dann  bis  zum  Mittelhocker  allmahlich  ansteigend,  um 
dann  fast  senkrecht  abzuf alien;  ganz  bedeckt  mit  dichtem  mes- 
singgelbem  Filz,  der  von  der  Grundfarbe  nur  eine  schmale  Linie 
freilasst,  die  vom  Hocker  zum  Mundrand  zieht  und  diesen  um- 
fasst;  frei  bleibt  auch  eine  breite  Strieme,  die  auf  den  Backen 
vom  unteren  Augenrand  zum  Mundrand  zieht.  Am  Scheitel  und 
oberen  hinteren  Augenrand  stehen  lange  fahlgelbe  Haare.  Der 
Hinterkopf  ist  messinggelb  befilzt. 

Thorax  und  Schildchen  schwarzbraun,  dicht  bedeckt  mit 
f uchsrotem  Haarpelz,  der  die  Grundfarbe  kaum  durchschimmern 
lasst;  der  mittlere  Teil  der  mattschw^arzen,  etwas  messinggelb 
bestaubten  Brust  ist  mit  einer  dichten  Flocke  langer  fuchsroter 
Haare  bedeckt.  Beine  mit  dunkelbraunen  Schenkeln  und  rost- 
roten  Schienen  und  Tarsen.  Hinterhiiften  weiss  schimmernd. 
Hinterschenkel  massig  verdickt,  obenauf  stark  gewolbt,  unter- 
seits  fast  geradlinig  begrenzt ;  dort  nach  der  Spitze  zu  mit  kurzen 
dicken  stachelf  ormigen  Harchen  vnmperartig  besetzt ;  gegen  die 
Spitze  zu  etv^as  rotlich.  Klauen  rot  mit  schv^arzer  Spitze. 
Fliigel  auf  der  ganzen  Flache  stark  gebraunt,  mit  rostroten 
Adern.     Schuppchen  und  S'chwinger  rostrot. 

Hinterleib  schwarz  mit  starkem  stahlblauem  Schimmer  und 
mit  rostroten  Seitenflecken  am  ersten  und  zweiten  Ring;  diese 
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Flecken  sind  am  ersten  Ring  sehr  klein  und  nehmen  nur  die  vor- 
dere  Ecke  des  Ringes  ein ;  am  zweiten  Ring  sind  sie  dagegen  sehr 
gross,  fiillen  etwa  drei  Viertel  der  Ringlange  aus  und  sind  auf 
der  Mitte  nur  durch  eine  schmale  schwarze  Strieme  getrennt. 
Auf  dem  ersten  Ring  findet  sich  ausserdem  eine  mattgrau  be- 
staubte  Hinterrandbinde,  an  den  folgenden  Ringen  ganz  feine 
rostrote  Hinterrandsaume.  Behaarung  des  Hinterleibes  kurz, 
f ahlgelb ;  sie  verandert  die  Grundf arbe  kaum  und  ist  nur  langer 
an  den  roten  Flecken,  wo  sie  btischelformig  wird,  und  am  Geni- 
talsegment. 

Lange,  16  Millimeter. 

Negros,  Occidental  Negros,  Fabrica  (Schultze),  4  Mannchen. 

Die  Art  ist  nahe  verwandt  mit  Penthesilea  nudiventris  Mac- 
quart;  doch  sind  bei  der  vorliegenden  Art  die  Brustseiten  nicht 
weisslich,  sondern  fuchsrot  bestaubt  und  behaart;  das  Schild- 
chen  ist  dem  Riickenschild  gleichfarbig  und  die  Beine  sind  nicht 
ganz  rot,  sondern  haben  dunkle  Schenkel. 

Genus  SYRITTA  St.  Farg.  et  Serv. 
Syritta  orientahs  Macquart. 

Von  Pondichery,  Java,  und  Formosa  bekannt. 
Mindanao,  Lanao,  Kolambugan  (Baker),  1  Mannchen. 

Genus  EUMERUS  Meigen 
Eumerus  argentipes  Walker. 

Diese  Art  ist  von  den  Inseln  Bat j  an,  Amboina,  und  Neu- 
Guinea  bekannt.  Sie  ist  in  dem  Material  von  den  Philippinen 
durch  2  Tiere  vertreten. 

Penang  (Baker),  1  Mannchen.  Mindanao,  Bukidnon,  Tang- 
colan  (Baker),  1  Mannchen. 

Eumerus  aurifrons  Wiedemann. 

Auch  diese  prachtige  Art,  die  bis  jetzt  von  Ostindien,  Java, 
und  Formosa  bekannt  war,  findet  sich  auf  den  Philippinen. 
Mindanao,  Surigao,  Surigao  (Baker),  1  Weibchen. 

Eumerus  flavicinctus  Meijere. 

Etimerus  flavicinctus  Meuere,  Tijdschr.  Entoni.  51    (1908)  214. 

Diese  Art  ist  an  dem  gelbgerandeten,  gezahnten  Schildchen 
leicht  zu  erkennen.  Vorkommen ;  Java,  Sumatra,  Bali,  und  For- 
mosa. 
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Luzon,  Laguna,  Mount  Maquiling  (Baker) ,  1  Weibchen ;  Los 
Banos  (Baker),  1  Weibchen.  Mindanao,  Zamboanga,  Dapitan 
(Baker)  y  1  Weibchen. 

Eumerus  niveipes  Meijere. 

Eumems  niveipes  Meijere,  Tijdschr.  Entom.  51    (1908)  .220. 

Aus  Java  beschrieben. 

Luzon,  Laguna,  Mount  Maquiling  (Baker) ,  1  Weibchen. 

Genus  MILESIA  Latreille 

Milesia  bigoti  Osten  Sacken. 

Diese  Art  wurde  von  den  Philippinen  beschrieben  und  scheint 
nur  dort  vorzukommen. 

Luzon,  Laguna,  Mount  Maquiling  (Baker),  1  Weibchen. 

Milesia  conspicienda  Walker. 

Diese  Art  wurde  von  Osten  Sacken  gut  gekennzeichnet.  Sie 
scheint  auf  den  Philippinen  nicht  selten  zu  sein. 

Mindanao,  Lanao,  Kolambugan  (Schultze),  2  Weibchen;  1 
Weibchen  von  demselben  Fundort  (Baker).  Sibuyan  (Baker), 
1  Mannchen.  Luzon,  Laguna,  Los  Baiios  (Baker) ,  1  Mannchen ; 
Mount  Maquiling  (Baker),  1  Weibchen. 

Milesia  reinwardtii  Wiedemann. 

Diese  Art  war  bisher  von  Malacca,  Java,  und  Borneo  bekannt, 
kommt  also  auch  weiter  ostlich  vor. 

LUZON,  Benguet,  Baguio  (Baker) ,  1  Weibchen. 

Milesia  ritsemae  Osten  Sacken.* 

Diese  Art  ist  nur  auf  den  Philippinen  gefunden  worden. 
Milesia  semperi  Osten  Sacken. 

Diese  Art  scheint  ebenfalls  nur  auf  den  Philippinen  vorzu- 
kommen. 

Mindanao,  Lanao,  Kolambugan  (Schultze),  2  Mannchen  und 
1  Weibchen:  Zamboanga,  Dapitan  (Baker),  1  Mannchen.  Ne- 
GROS,  Cuernos  Mountains  (Baker),  1  Mannchen. 

Genus  MYXOGASTER  Macquart 

Myxogaster  cinctella  sp.  nov.     Tafel  2,  Fig.  10,  11,  12,  und  13. 

Schlanke  Art  mit  ganz  gelben  Fiihlern  und  nahezu  ganz  gel- 
ben  Beinen,  grauen  Flugeln,  und  gelb  gebandertem  Hinterleib. 
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Weibchen. — Stirn  sehr  flach,  vorn  etwa  ein  Viertel  der  Kopf- 
breite  einnehmend,  nach  hinten  zu  kaum  verschmalert,  schwarz, 
glanzend,  etwas  punktiert  und  runzlig;  Ozellenhocker  weit  nach 
vorn  geriickt,  fast  auf  der  Mitte  der  Stirn;  Punktaugen  dicht 
zusammengedrangt.  Augen  nackt.  Fiihler  (Tafel  2,  Fig.  10) 
sehr  hoch  stehend,  etwa  von  halber  Gesichtslange,  hellgelb;  die 
beiden  ersten  Glieder  nahezu  gleidhlang;  das  ovale  dritte  Glied 
etwa  so  lang  wie  die  beiden  ersten  zusammen;  Borste  etwas 
langer  als  das  dritte  Glied,  hellbraun.  Untergesicht  gleichbreit, 
etwas  konvex,  fast  senkrecht,  in  der  unteren  Halfte  zuriick- 
weichend.  Behaarung  der  Stirn  zerstreut,  die  des  Gesichts 
dicht,  goldgelb. 

Thorax  schwarz,  zwischen  Schulter  und  Fliigelwurzel  je  eine 
rostrote  Strieme,  etwas  glanzend,  mit  anliegenden  goldgelben 
Haaren  bedeckt,  die  am  Seitenrande  zwischen  Schulter  und  Flii- 
gelwurzel dichter  und  langer  sind.  Auf  den  glanzend  schwarzen 
Brustseiten  lauft  von  der  Fliigelwurzel  nach  den  Mittelhiiften 
eine  goldgelbe  Haarstrieme.  Schildchen  ohne  Randzahne,  glan- 
zend schwarz,  rotgelb  behaart.  Beine  mit  Ausnahme  eines 
braunen  Ringes  auf  der  Mitte  der  Hinterschenkel  ganz  gelb  und 
so  behaart.  Die  Tarsen  zeigen  nichts  Aufallendes.  Hinter- 
schenkel nur  ganz  wenig  verdickt,  spindelformig.  Hinter- 
schienen  keulenf  ormig.  Fliigel  dicht  behaart,  etwas  gelblichgrau, 
mit  braunen  Adern ;  dritte  Langsader  in  der  ersten  Hinterrand- 
zelle  ohne  Aderanhang  (Tafel  2,  Fig.  13),  die  jene  Zelle  begren- 
zende  Querader  fast  senkrecht  in  die  dritte  Ader  mundend. 
Schiippchen  und  Schwinger  hellgelb. 

Hinterleib  (Tafel  2,  Fig.  12)  schlank,  aber  am  zweiten  Ring 
nicht  eingeschniirt,  nahezu  doppelt  so  lang  wie  Kopf  und  Thorax 
zusammen,  schwarz,  an  alien  Ringen  mit  gelben  Hinterrandbin- 
den,  die  auf  der  Mitte  etwas  zipfelartig  nach  vorn  gezogen  sind 
und  auf  den  hinteren  Ringen  schmaler  werden.  Behaarung  kurz, 
schwarz,  auf  den  gelben  Binden  goldgelb.  Bauch  (so weit  sicht- 
bar)  gelb  mit  Ausnahme  der  Genitalringe  (Tafel  2,  Fig.  11). 

Lange,  10  Millimeter. 

Mindanao,  Agusan,  Butuan  (Baker) ,  1  Mannchen. 

Genus  MICRODON  Meigen 

Microdon  auricinctus  Brunetti. 

Microdon  auricinctus  Brunetti,  Rec.  Ind.  Mus.  2    (1908)    92. 

Von  Ceylon  und  Formosa  bekannt;  durch  ein  Weibchen  von 
Luzon,  Laguna,  Los  Banos  {Baker)  vertreten. 

215024 10 
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Microdon  clavicomis  sp.  nov.     Tafel  2,  Fig.  14. 

Kleine  bienenartige  Art  mit  ganz  hellgelben  Fuhlern  und  Bein- 
en,  mit  schwarzem,  nicht  gedorntem,  aber  auf  der  Mitte  des 
Hinterrandes  etwas  ausgerandetem  Schildchen,  und  hellgeban- 
dertem  Hinterleib. 

Weibchen. — Stirn  glanzend  schwarz  mit  stahlblauem  Schim- 
mer,  glatt,  vorn  von  etwa  ein  Viertel  der  Kopf  breite,  nach  hinten 
wenig  verschmalert.  Ozellenhocker  sehr  klein,  etwas  vom  Schei- 
tel  entfernt;  Ozellen  dicht  zusammenstehend ;  Augen  nackt; 
Fuhler  (Tafel  2,  Fig.  14)  ganz  hellgelb,  kurz,  etwa  von  zwei 
Dritteln  der  Lange  des  Untergesichts,  im  Umrisse  keulenf  ormig  ; 
erstes  Glied  schlank,  etwas  langer  als  das  breitere  zweite ;  drittes 
Glied  etwa  so  lang  wie  die  beiden  ersten  zusammen,  verhaltnis- 
massig  breit,  am  Ende  etwas  abgestutzt;  die  Borste  von  der 
Lange  ihres  Gliedes.  Untergesicht  konvex,  unten  zuriickwei- 
chend,  oben  und  unten  fast  gleichbreit.  Behaarung  der  Stirn 
und  des  Untergesichts  fahlgelb,  auf  der  Stirn  sparlich,  auf  dem 
Gesicht  dichter. 

Thorax  schwarzbraun  mit  etwas  Purpurschimmer,  die  Schul- 
terecken  rotbrauri.  Behaarung  sehr  kurz,  fahlgelb ;  Brustseiten 
von  der  Flugelwurzel  bis  zu  den  Mittelhiiften  mit  einer  aus 
dicht  gestellten,  ziemlich  langen  goldgelben  Haaren  gebildeten 
Strieme.  Schildchen  dem  Riickenschild  gleich  gefarbt,  ohne 
Dornen  am  Hinterrand,  halbkreisformig,  auf  der  Mitte  des  Hin- 
terrandes aber  ein  wenig  ausgeschnitten,  seine  Behaarung  spar- 
lich, fahlgelb.  Beine  ganz  hellgelb,  ohne  dunkle  Zeichnung. 
Fliigel  grau,  etwas  gelblich,  besonders  an  der  Basis ;  der  Aderan- 
hang  in  der  ersten  Hinterrandzelle  sehr  kurz;  kleine  Querader 
am  Ende  des  ersten  Fiinftels  der  Diskoidalzelle.  Schiippchen 
und  Schwinger  hellgelb. 

Hinterleib  kurz  und  breit,  am  Hinterrande  des  zweiten  Ringes 
am  breitesten,  etwas  langer  als  Kopf,  Thorax,  und  Schildchen 
zusammen ;  die  beiden  ersten  Ringe  gelb,  etwas  durchscheinend ; 
die  folgenden  braun  mit  gelben  Hinterrandbinden.  Behaarung 
auf  den  dunklen  Stellen  sehr  kurz,  fahlgelb,  auf  den  hellen  Stellen 
langer,  hell  goldgelb  bis  weisslich.  Bauch  gelb  mit  braunem 
Seitenrand. 

Lange,  8  bis  10  Millimeter. 

Luzon,  Laguna,  Paete  (Baker),  1  Weibchen. 

Ein  zweites  Stuck  aus  Surigao,  Mindanao,  ist  am  Hinterleib 
heller  gefarbt  und  zeigt  eine  liber  die  Mitte  des  Hinterleibes 
laufende  dunkle  Strieme. 
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Microdon  flavipennis  sp.  no  v.     Tafel  2,  Fig.  15. 

Grosse  tiefschwarze  Art  mit  ungedorntem  Schildchen,  ver- 
langerten  Fiihlern,  ganz  rotgelben  Flugeln,  und  ziemlich  schlan- 
kem  Hinterleib. 

Mdnnchen. — Stirn  und  Gesicht  tiefschwarz;  die  Stirn  vorn 
etwa  ein  Fiinftel  der  Kopfbreite  einnehmend,  nach  dem 
Scheitel  zu  breiter  werdend  und  am  Scheitel  selbst  etwa  von 
ein  Viertel  der  Kopfbreite,  dicht  punktiert  und  wenig  glan- 
zend;  Stirndreieck  lang,  fast  bis  zur  Mitte  der  Stirn  herabstei- 
gend,  vorn  nicht  spitz,  sondern  abgestutzt,  etwas  glanzend, 
seitlich  durch  eine  tiefe  Furche  von  der  ubrigen  Stirn  getrennt. 
Die  Punktaugen  stehen  unterhalb  der  Mitte  dieses  Dreiecks  dicht 
zusammengedrangt.  Lunula  stark  glanzend,  glatt.  Stirnhocker 
stark  vortretend.  Augen  nackt,  von  der  Stirn  durch  eine  tiefe 
Rille  getrennt.  Die  braunschv^arzen  Fiihler  (Tafel  2,  Fig. 
15)  etwas  langer  als  das  Gesicht;  das  verlangerte  erste  Glied 
langer  als  das  dritte,  das  zweite  etwa  ein  Drittel  des  ersten.  Ge- 
sicht fast  ganz  senkrecht  absteigend,  in  der  unteren  Halfte  nur 
leicht  zuriicktretend,  dicht  punktiert  und  nicht  sehr  dicht  kurz 
fuchsrot  behaart.  Behaarung  der  Stirn  kurz,  schwarz.  Die 
Zilien  am  hinteren  Augenrande  fahlgelb. 

Thorax  mattschwarz,  dicht  grob  punktiert  und  ausserst  kurz 
behaart.  Diese  Behaarung  ist  am  Rande  und  an  der  Quernaht 
etwas  fuchsrot,  sonst  schwarz;  auf  den  schwarzen  Brustseiten 
lauft  von  der  Quernaht  eine  fuchsrote  Haarstrieme  zu  den 
Mittelhiiften.  Schildchen  halbkreisformig,  ohne  Hocker  oder 
Zahne  am  Hinterrand;  ziemlich  stark  gewolbt,  mit  langeren 
schwarzen  und  dazwischenstehenden  sehr  kurzen  fuchsroten 
Haaren.  Hiiften  und  Schenkel  schwarz,  Schienen  und  Tarsen 
braun,  erstere  im  basalen  Drittel  rot,  fahlgelb  behaart,  letztere 
mit  fuchsrotem  Toment.  Vordertarsen  kurz  und  etwas  ver- 
breitert;  Hinterschenkel  wenig  verdickt,  spindelformig;  die  Hin- 
terschienen  keulenformig  nach  der  Spitze  zu  verbreitert;  auch 
die  hinteren  Metatarsen  etwas  verdickt.  Pulvillen  und  Basal- 
halfte  der  Klauen  rostrot.  Fliigel  leuchtend  rotgelb,  auf  der 
vorderen  Halfte  besonders  auffallend;  ausserste  Basis  etwas 
braun;  auf  der  Flache  fein  goldgelb  behaart.  Geader  normal, 
mit  dem  gewohnlichen  Aderanhang  in  der  ersten  Hinterrand- 
zelle.     Schiippchen  braun,  Schwinger  rostrot. 

Hinterleib  schwarz,  dicht  punktiert,  etwas  langer  als  Kopf, 
Thorax  und  Schildchen  zusammen;  der  zweite  Ring  an  seiner 
Vorderkante  etwas  breiter  als  der  Thorax;  von  da  an  nimmt 
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der  Hinterleib  allmahlich  an  Breite  ab  und  ist  vor  dem  Hinter- 
ende  etwa  zwei  Drittel  so  breit  wie  der  Thorax.  Hinterende 
halbkuglig.  Erster  Ring  sehr  kurz,  durch  eine  halbkreisformige 
Furche  vom  zweiten  getrennt;  auch  der  zweite  Ring  ziemlich 
kurz;  der  dritte  dagegen  etwa  doppelt  so  lang  wie  der  zweite; 
der  vierte  so  lang  wie  der  zweite  und  dritte  zusammen.  Der 
dritte  und  vierte  Ring  sind  mit  einander  verwachsen,  ihre  Gren- 
ze  nur  wenig  deutlich.  Die  sehr  kurze  Behaarung  des  Hinter- 
leibs  ist  im  allgemeinen  schwarz,  aber  am  vorderen  Teil  befindet 
sich  eine  Stelle,  die  die  Mitte  des  ersten  Ringes,  den  grossten 
Teil  des  zweiten,  und  das  basale  Drittel  des  dritten  einnimmt, 
auf  der  langere  fuchsrote  Haare  stehen.  Ebenso  sind  an  den 
Seiten  des  dritten  und  vierten  Ringes  zwei  dreieckige  Stellen 
mit  fuchsroten  Haaren  besetzt  und  der  fiinfte  Ring  ist  fast 
ganz  so  behaart.  Diese  rote  Behaarung  verandert  jedoch  die 
Grundfarbe  nur  wenig  und  ist  deshalb  nicht  aufFallend.  Bauch 
schwarz,  hinten  sehr  kurz  fuchsrot  behaart. 

Lange,  17  Millimeter. 

Mindanao,  Surigao,  Surigao  (Baker),  1  stark  abgeriebenes 
Mannchen. 

Microdon  fulvipes  Meijere. 

Microdon  fulvipes  Meijere,  Tijdschr.   Entom.   51    (1908)    202. 

Aus  Sumatra;  liegt  in  einem  Stuck  von  den  Philippinen  vor. 
Penang  {Baker) ,  1  Weibchen. 

Microdon  stilboides  Walker. 

Diese  auffallende,  grosse  Art  war  bis  jetzt  aus  Ostindien  (Java) 
und  von  Formosa  bekannt.  Sie  ist  in  der  Sammlung  durch  ein 
Mannchen  aus  Surigao,  Surigao,  Mindanao   {Baker)  vertreten. 

Microdon  tricinctus  Meijere. 

Microdon  tricinctus  Meijere,  Tijdschr.  Entom.  51    (1908)    208. 

Diese  Art  ist  ebenfalls  von  Java  beschrieben. 
Mindanao,    Surigao,   Surigao    {Baker),    1    Weibchen:    Zam- 
boanga  {Baker),  1  Mannchen. 

Microdon  varicomis  sp.  no  v. 

Kurze,  breite  Art  mit  unbedorntem,  aber  am  Hinterrande 
deutlich  ausgebuchtetem  Schildchen  und  braunem,  gelb  gezeich- 
netem  Hinterleib. 
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Weibchen. — Stirn  vorn  von  etwa  ein  Viertel  der  Kopfbreite, 
nach  hinten  kaum  verschmalert,  schwarz  mit  wenig  blaulichem 
Schimmer,  weitlaufig  punktiert;  Punktaugenhocker  nicht  erha- 
ben;  Augen  nackt.  Fuhler  fast  so  lang  wie  das  Untergesicht ; 
erstes  Glied  doppelt  so  lang  wie  das  zweite ;  das  dritte  langer  als 
die  beiden  ersten  Glieder  zusammen,  verhaltnismassig  schmal. 
Das  erste  Glied  glanzend  schwarz,  das  zweite  schwarz  mit  rost- 
rotem  Rande,  das  dritte  an  der  Basalhalfte  rostrot,  in  der  Spit- 
zenhalfte  schwarz.  Untergesicht  von  Stirnbreite,  glanzend 
schwarz,  mit  sparlicher,  fahlgelber  Behaarung,  die  sich  auch 
auf  der  Stirn  findet. 

Riickenschild  braunschwarz,  an  den  Seiten  dunkelbraun;  nur 
sparlich  goldgelb  behaart.  Brustseiten  mit  rotgelber  Haar- 
flocke,  die  von  der  Flugelwurzel  nach  den  Mittelhliften  zieht. 
Schildchen  braunschwarz  mit  blaulichem  Schimmer,  ohne  Dornen 
am  Hinterrand,  aber  dort  deutlich  ausgebuchtet ;  mit  hellbrauner 
Behaarung.  Beine  schwarzbraun,  die  Spitzen  der  Schenkel  und 
die  Basis  der  Schienen  gelb,  Tarsen  braun.  Flugel  braun- 
lichgrau;  der  Aderanhang  in  der  ersten  Hinterrandzelle  sehr 
lang;  die  Queradern  munden  vorn  senkrecht  in  die  Langsadern. 
Schwinger  und  Schiippchen  hellbraun. 

Hinterleib  breit  eiformig,  zugespitzt;  am  Hinterrand  des  zwei- 
ten  Ringes  am  breitesten;  dritter  so  breit  wie  der  zweite;  erst 
der  vierte  wird  nach  hinten  schmaler;  die  beiden  ersten  Ringe 
honiggelb,  der  erste  mit  brauner  Bogenbinde,  die  durch  anlie- 
gende  weisse  Behaarung  noch  hervorgehoben  wird ;  vierter  Ring 
mit  einer  auf  der  Mitte  breit  unterbrochenen  Bogenbinde  aus 
seidenglanzenden  Harchen;  fiinfter  mit  zwei  seitlichen  weissen 
Haarflecken.  Ueber  die  Mitte  des  Hinterleibes  lauft  eine  feine 
braune  Langsstrieme.     Bauch  ganz  hellgelb  mit  braunem  Rand. 

Lange,  9  Millimeter. 

Mindanao,  Agusan,  Butuan  (Baker)  ^  1  Weibchen. 

Die  Art  ist  Microdon  clavicornis  sehr  ahnlich,  aber  durch  die 
schlanken,  braun  und  rot  gezeichneten  Fuhler  und  die  dunklen 
Beine  sofort  von  ihm  zu  unterscheiden. 

Microdon  vespiformis  Meijere. 

Microdon  vespiformis  Meijere,  Tijdschr.  Entom.  51    (1908)  210. 

Aus  Java  beschrieben.  Die  Figuren  16  und  17,  Tafel  2,  sollen 
den  Unterschied  in  der  Zeichnung  der  vorliegenden  Art  und  der 
verwandten  M,  odyneroides  veranschaulichen. 

Penang  (Baker),  1  Mannchen. 
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Cerioides  petersi  Speiser.     Tafel  2,  Fig.  18  und  19. 

Die  Art  wurde  kiirzlich  ^  beschrieben  und  zwar  ebenf alls  von 
den  Philippinen.  Da  der  Autor  keinerlei  Zeichnung  beigefiigt 
hat,  mogen  die  Figuren  18  und  19,  Tafel  2,  den  Kopf  und  den 
Hinterleib  dieser  prachtigen  tiefschwarzen,  durch  einen  sehr 
langen  Stirnzapfen  und  schwarzbraune,  tief  veilchenblau  schil- 
lernde  Flugel  ausgezeichnete  Art  veranschaulichen. 

Luzon,  Nueva  Vizcaya,  Balete  Pass  {Schultze),  1  Weibchen. 

Die  Art  ist  einer  Wespe,  Zethus  cyanoptertos  Sauss.  aus  der 
Gruppe  der  Eumeninse,  tauschend  ahnlich  und  wurde  auch  mit 
diesem  Hymenopteron  zusammengefangen.  Ob  dieses  ortliche 
Zusammensein  auch  eine  biologische  Ursache  hat,  lasst  sich 
im  Augenblick  noch  nicht  entscheiden. 

•Wiener  Entom.  Zeit.  Heft  1-3  41    (1924)    53. 


ILLUSTRATIONEN 

Tafel  1 

Fig.    1.  Xantkandriis   orientalis   sp.   no  v.,   Mannchen,   Kopf,   seitlich. 

2.  Xanthandrus   orientalis    sp.   nov.,   Weibchen,   Kopf,   seitlich. 

3.  Xanthandrus  orientalis  sp.  nov.,  Mannchen,  Hinterleib,  von  oben. 

4.  Xanthandrus   orientalis  sp.  nov.,  Weibchen,  Hinterleib.  von  oben, 

5.  Syrphus  angustatus  sp.   nov.,   Mannchen,   Kopf,  seitlich. 

6.  Syrphus  angustatus  sp.  nov.,  Mannchen,  Hinterleib,  von  oben. 

7.  Syrphus  fulvifacies  Brunetti,  Weibchen,  Kopf,  seitlich. 

8.  Xanthogramma  calceata  sp.  nov.,  Weibchen,  Kopf,  seitlich, 

9.  Doros  humeralis  sp.  nov.,  Mannchen,  Kopf,  seitlich. 

10.  Doros  humeralis  sp.  nov.,  Mannchen,  Hinterleib,  von  oben. 

11.  Doros   humeralis  sp.   nov.,   Weibchen,   Hinterleib,  von   oben. 

12.  Baccha  cochleariformis  sp.  nov.,  Hinterleib,  von  oben. 

13.  Volucella  decorata  Walker,  Mannchen,  Kopf,  seitlich. 

14.  Graptomyza  flavipes   Meijere,   Weibchen,  Kopf,   seitlich. 

15.  Graptomyza  flavipes  Meijere,  Weibchen,  Hinterleib,  von  oben. 

16.  Graptomyza  flavipes  Meijere,  Weibchen,  Hinterleib,  von  der  Seite. 

17.  Graptomyza  microdon  Osten  Sacken,  Mannchen,  Kopf,  seitlich. 

18.  Eristalis   albitibiis   sp.   nov.;    Mannchen,   Kopf,   seitlich. 

19.  Eristalis  hidentata  sp.  nov.,  Mannchen,  Kopf,  seitlich. 

20.  Eristalis  hidentata  sp.  nov.,  Mannchen,  Korper,  von  oben. 

Tafel  2 

Fig.    1.  Eristalis  cingulata  sp.  nov., -Weibchen,  Hinterleib,  von  oben. 

2.  Eristalis  /Zava  sp.  nov.,  Mannchen,  Kopf,  von  oben. 

3.  Eristalis  flava  sp.  nov.,  Mannchen,  Korper,  von  oben. 

4.  Eristalis  maculipennis  Meijere,  linker  Fltigel. 

5.  Eristalis   semisplendens   sp.   nov.,   Weibchen,   Kopf,   seitlich. 

6.  Eristalis  semisplendens  sp.  nov.,  Hinterleib,  von  oben. 

7.  Eristalis  velutina  sp.  nov.,  Weibchen,  Kopf,  seitlich. 

8.  Eristalis  velutina  sp.  nov.,  Hinterleib,  von  oben. 

9.  Penthesilea  cyaniventris  sp.  nov.,  Mannchen,  Kopf,  seitlich. 

10.  Myxogaster  cinctella  sp.  nov.,  Kopf,  seitlich. 

11.  Myxogaster  cinctella  sp.  nov.,  Hypopygium,  seitlich. 

12.  Myxogaster  cinctella  sp.  nov.,  Hinterleib,  von  oben. 

13.  Myxogaster  cinctella  sp.  nov.,  linker  Flugel. 

14.  Microdon  clavicornis  sp.  nov.,  Kopf,  seitlich. 

15.  Microdon  flavipennis  sp.  nov.,  Kopf,  seitlich. 

16.  Microdon  odyneroides  Meijere,  Weibchen,  Korper,  von  oben. 

17.  Microdon  vespiformis  Meijere,  Korper,  von  oben. 

18.  Cerioides  petersi  Speiser,  Weibchen,  Kopf,  seitlich. 

19.  Cerioides   petersi   Speiser,   Weibchen,   Hinterleib,   von   oben. 
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[New  generic  anil  specific  names  and  new  combinations  are  printed   in  clarendon;   synonyms 
and   names   of   species   incidentally   mentioned   in   the   text   are   printed   in    italic} 


A 

Aboo-rikal,    8. 
Abou-abous,    7. 
Abou   rekabe,    7. 
Abu-do  bus,    8. 
Abu-ndefu,   S. 
Abu-rabaka,    ?^. 
Acalypha    Linn.,    3b4. 

amentacea   Roxb..    384. 

fruticosa  Forsk.,   384. 

stipulacea   Klotz.,    384. 
Acanthaceae,    418.   486. 
Acanthus    Taurnef..    419. 

ebracteatus    Vahf.    419. 
Acemyini,    529. 
Achilinae  Stal,    440. 
Acriopsis  Reinw.,   361. 

javanicii  Reinw.,    361. 

sp.,  361. 
Actiini,  542. 
Actinodaphne  Nees.   370. 

sp.    ?,   370. 
Additions    to   our    knowledge    of    the    Philip- 
pine  flora,   n,    475. 
Adenostemma    Forst,    426. 

Javenia    (Linn.)    O.   Ktze.,  426. 
Adinabotrys  nieuwenhuisii  Dunn,  373. 
Aedes  Meig.,  3,  10.  13,  65,  73,  74,  93-95,  100, 
103,    111,    114-116,    118,    119,    123,    147, 
148,    155,    172,    180,    185,    190,   191,   230, 
232,   246. 

aegypii  Linn.,  4-9,  16,  25,  31,  34,  37,  38, 
40-42,  55,  60,  61,  63,  64,  67-69,  71, 
72,  76-79,  81-84.  89-92,  96,  102,  108, 
109,  121.  122,  124.  125-127,  137,  145, 
146,  153,  154,  156,  157,  256-259, 
261-264. 
Aejriceras   Gaertn.,   409. 

corniculatum    (Linn.)    Blco.,    409. 

floridum   Roem.  &  Schultes.   409. 
Aj;Iaia  Lour.,   378. 

affinis    Merr.,   378. 

cumingiana  Turcz.,   344,   378.   379. 

kemsleyi   Koord.,   379. 

multifoliola  Merr.,   379. 

odoratissima   Blm.,    378. 

sp.,  379. 
Agrostophyllum    Blm.,    359. 

stipulatum    (Griff.)    Schltr..    359. 


Albizzia   Duraz.,    372. 

retusa   Benth.,   372. 
Alisca   circumpicta    Stal.    439. 

tagalica  St41,    439. 
Allamanda  Linn.,   411. 

cathartica  Linn..   411. 
Allophylus  Linn.,  3S8. 

glaber    (Roxb.)    Radlk..    388. 

timorensis    (DC.)    Blm.,   388. 
Alocasia  sp.,  259. 
Alsodeia.  hirtella   Ridl.,    400. 
Alstonia  R.  Br.,  412. 

macrophylla    Wall.,    412. 
Amaranthaceffi,    366,    478. 
Amaranthus  Linn.,   867. 

paniculatus    Linn.,    367. 

viridis   Linn.,    367. 
Amorphophallus   Blm.,   353. 

rivieri  Durieu  var.  konjac   Engl.,  358. 
Ampelocissus    Planch..    390. 

nrachnoidea   Planch.,    390. 

martini  Planch,,    390. 

sp.,   390. 
Amphiboliopsis   T.    T.,    538. 
Anacardiaceae,   387. 
j  Anacudorsum  Roewer,  550,  551. 

bakeri    Roewer,    546,    561. 

ferrugineum    Roewer,    546,    551,    552. 
Anagonia   B.   &   B.,   541. 
Andropogon  Linn.,  348. 

sorghum    (Linn.)    Brot.,    348. 
Aneilema   R.  Br.,   354. 

scaberrimum    (Blm.)    Kunth,   354. 

vitiense  Seem.,  354. 
Angiospermse,   348. 
Ankle  fever,  7. 
Anona  Linn.,   369. 

muricata    Linn..    369. 
I   Anonacea?,    368,   479. 
i  Anopheles,   31,   79. 
I  Antiaris   Lesch.,    364. 
i  toxicaria    (Pers.)    Lesch,.   364. 

i   Antidesma   Burm.,    380. 
j  bangueyense  Merr.,  380. 

I  bunius    (Linn.)    Spreng.,   380. 

I  montanum   Blm.,   381. 

I  moritzii   Muell.-Arg.,    381. 

Aphanamixis   Blm,,    378. 

rohituka    Pierre,    378. 

tripetala    (Blco.)    Merr.,    378. 
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Apocynacetv,    411,    488. 
Araceae,   353. 
Araliacese,   409. 
Ardisia   Sw.,   410. 

boissieri  A.   DC.   41(i. 

colorata   Roxb.,    410. 

humilis  Vahl,  410. 

perrottetiana  A.    DC,    410. 

pyramidalis    (Cav.)    Per;5.,    410. 

serrata    (Cav.)    Pers.,    410. 

squamulosa  Presl.    410. 
Areca   Linn.,    352. 

mammillata  Becc,   344.   352. 

vidaliana  Becc,   352. 
Aristolochia  Tournef.,   478. 

gaudichaudii  Duchart,   478. 

ramosii    Merr.,    478. 
Aristolochiacese,  478. 
Artemisia  Linn.,  427. 

vulgaris   Linn.,    427. 
Artocnrpus,  344. 

limpato  Miq.,   364. 
Aru,  361. 
Arytera    Elm.,    389. 

litoralis   Elm.,    389. 
Asarcina   Macq.,    568. 

aegrota  F.,  568. 

consequens  Walk.,  568. 

eurytaeniata  Bezzi,   568. 
Asclepiadaceae,    413. 
A5?clepias   Linn.,   413. 

curassavica   Linn.,   413. 
Atalantia  Correa,   377. 

disticha    (BIco.)    Merr..   344,   377. 

sj).     ?.    377. 
Attus  sp.,    80. 

A  uchmeromyia  B.  &  B..   529. 
Avicennia   Linn.,    416. 

marina    (Forsk.)    Vierh.,   416. 

officinalis  Linn.,    416. 
Axona  Walk.,  587. 
Axona  chalcopyga  Wied.,   587. 

B 

Baccha  F.,  573. 

amphithoe  Walk.,   578. 

austeni  Meij.,   573. 

cochleariformis   Sack,    573. 

loriae  Meij.,  574. 

meijeri    Kertesz,    574. 

pedicellata  Dol.,  574. 

pulchrifrona   Aust.,   575. 

purpuricola  Walk.,  575. 

robusta  Erunetti,   573. 

signata    Sack,    575. 

triangulifera  Aust,,  576. 
Bacillus    coll   coTn^iiunis,    71. 

dysenterise,    447,    448,    450-452,    454,    461. 

dysenteriae,  constancy  of  types  of.   447. 

leprae,   305. 

typhosus,   447,   450,    451,  454. 
Bangkuru,    425. 
Banguey  Island,  flora   of,  341. 
Bao-u-lan,    501. 


!   Rarbodes,  502. 

baoulan    Her  re,    499. 

tras  Herre,  501. 
Baridiyabis,   8. 
I  Barringtonia  Forst.,  405. 

asiatica    (Linn.)    Kurz,   405. 
i  racemosa    (Linn.)    Elm..   405. 

speciosa  Forst.,   405. 
j  Begonia  Linn.,   403. 
I  borneensis  A.  DC.  403. 

nigritaruvi   Steud.,    404. 

subnummularifolia    Merr..    346,    403. 
Begoniaceae,   403. 
Bengalia  R.-D.,    529. 

depressa  Walk..   529. 
Bengaliini,  529. 
Bidens  Tournef..   427. 

pilosa  Linn..   427. 
Bignoniaceae,   418. 
Bilious  remittent  fever,   17. 
Blackwellia   foetida   Wall.,    401. 
Blumea  DC,   427,   495. 

balsamifera    (Linn.)    DC.   427. 

stenophylla    Merr.,    495. 
Boholia  Merr.,  475,  492. 

nematostylis  Merr,.  493. 
Bombacacese,    393. 
Bonon,  8. 

Boophilus  bovis,  51. 
Boraginacean,    414. 
Bouquet,  7. 

Eraptomyza   brevirostris    Wied,.    577. 
Brawbi.   350. 
Breakbone  fever,   7. 
Bromheadia   Lindl.,    359. 

finlaysoniana     (Lindl)     Reichb.     f.,     345. 
359. 

palustris   Reichb.    f.,    359. 
Brucea   J.    S.   Mill.,    376. 

amarissima    (Lour.)    Desv.,    376. 

sumatrana  Roxb.,   376. 
Bruguiera  Lam.,   406. 

eriopetala  Wight  &  Arn.,  406. 

parviflora   (Roxb.)   Wight  &  Arn.,  406. 

sexangula    (Lour.)    Poir.,    406. 
Buchanania  Spreng.,   387. 

arborescens    (Blm.)    Blm.,   887. 
Bucket,   8. 

BuUobunus  bakeri  Roewer.  546.  558. 
Burseraceae,    377. 
Bythopsyrna  leucophaea   Stal.  440. 


Caesalpinia  Linn.,  372. 

crista  Linn.,  372. 

pulcherrima    (Linn.)    Sw.,  372. 

sappan  Linn.,  373. 
Calamus  Linn.,  352. 

javensis  Elm.,  345. 

javensis  Elm.  var.  woodii  Merr.,  352. 

sp.,   353. 
Calanthe  R.   Br.,  359. 

furcata  Batem,  359. 

If eratri folia  R.  Br.,   359. 
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Calentura   roja,    7. 
Calirrhoini,  533. 
Callicarpa  Linn.,  414. 

erioclona  Schauer,  414. 
Callinesia,  443. 

maculinervis    Hpt.,    441. 
Calophyllum  Linn.,  397,  494. 

inophyllum  Linn.,  397. 
Calysaccion  ovalifolium  Choisy,  398. 
Canarium  Linn.,  377. 

villosum    (Blm.)    F.-Vill.,  377. 
Canavalia   DC,   375. 

lineata  Merr.,   375. 

maritima    (Aubl. )   Thouars,  375. 

microcarpa    (DC.)   Piper.  375. 

rosea  DC,  375. 
Canna  Linn.,  358. 

indica    Linn.,    358. 
Cannaceae,  358. 
Capelopterum  bimaculatum  Mel..  435. 

dohrni  Mel..  435. 

luzonensis  Hpt.,  435, 

aellatum  Mel.,  435. 
Capparidaceae,   371. 
Capparis  Tournef.,   371. 

micrantha  DC,   371. 
Capsicum  Tournef.,   417. 

annuum    Linn.,    var..    417. 
Caryota   Linn.,    352. 

mitis   Lour.,   352. 
Casearia   Jacq.,   401. 

polyantha   Merr.,    344,    401. 
Cassytha  Linn.,   370. 

filiformis   Linn.,   370. 
Castanopsis  Spach,  362. 

woodii    Merr.,    346,    362. 
Castration  of  guinea  pigs,  327. 
Casuarina  Linn.,  361. 

equisetifolia  Linn.,  361. 

sumatrana  Jungh.,   361. 
Casuarinacese,  361. 
Celastraceae,   481. 
Celosia  Linn.,  366. 

argentea  Linn.,    366. 

cristota  Linn.,  366. 
Centotheca  Desv.,   349. 

latifolia    (Linn.)    Trin.,    349. 
Cerioides    Rondani,   563,    596. 

petersi  Speiser,  596. 
Ceriops  Arn.,   405. 

candolleana  Am.,   405. 

tagal    (Perr.)    C   B.   Rob.,    405. 
Cerynia  albata  St&l,  440. 
Chaetocarpus  Thw.,  386. 

castanocarpus    (Roxb.)    Thw..  345,  386. 
Champereia,   447. 

manillana    (Blm.)    Merr..  477. 
Chapetonada,   13,    16,  17. 
Chilam-Balam  books,    13. 
Chisocheton   Blm.,   378. 

pentandrus    (Blco. )    Merr..   344,  378. 
Chloranthaceae,   362. 
Chloranthus  Sw.,  362. 

officinalis  Blm.,  362. 


Chloroyastcr   rufipea  Schiner,  544. 
Chlorogastropsis    T.    T..    544. 
Cissus   Linn.,    391. 

nodosa    Blm.,    391. 
Citrus  auranti folia   Swingle,  377. 
Cixiinas   431. 
Cixiini   Stal.   432. 
Claoxylon  Juss.,  3S2. 

sp.,    382. 
Clausena  Burm.   f.,   377. 

excavata  Burm.   f.,  377. 
Cleistanthus   Hook  f.,  381. 

sumatranus    (Miq.)    Muell.-Arg.,   381. 

sp.,   381. 
Clitoria   Linn.,    374. 

ternatea   Linn.,    374. 
Codiaeum    (Rumph. )    Juss.,    385. 

afflne   Merr.,    346,    385. 

luzomcum    Merr.,    386. 

palawanense    Elm.,    386. 

variegatum    Blm.,    386. 
Coix    Linn.,    348. 

lachryma-jobi    Linn..    348. 
Colgar   calochroma   Walk.,    440. 
Colorado,    7. 
Colubrina   L.  C   Rich..   390. 

asiatica     (Linn.)     Brongn..    390. 
Columbia    Pers.,    392. 

borneensis   Merr.,    392. 
Columella   Lour..    391. 

pterita    Merr..    344.    391. 
Combretaceae.    406. 
Commelinacea?,    354. 
Compositae,    426.    495. 
Connaraceie,   371. 
Connarus    Linn.,    371. 

Stella tus   Merr.,    344,    371. 
Conocephalus    Blm.,    365. 

suaveolens  Blm..  365. 
Convolvulacese,  413,  485. 
Cordia   Linn.,    414. 

dichotoma   Forst.    f..    414. 

myxa  Linn.,    414. 

subcordata    Lam.,    414. 
Coscinum   Colebr.,    367. 

fenestratum    (Gaertn.)    Colebr..    367. 

sp.,    345. 
Cosniibuena  Ruiz   &   Pav.,   494. 
Costus  Linn.»  358. 

hirsutus    Blm.,    358. 

speciosus    Sm.    var.    hirstifns    K,    Schum.. 
358. 
Coup-de-barre,   8,   18,   20. 
Crataeva    Linn.,   371. 

macrocarpa   Kurz,    346,    371. 
Cratoxylon    Blm.,    397. 

cochinchinense    (Lour.)    Blm.,   397. 

formosum    (Jack)    Dyer,   397. 

ligustrinum    (Spach)    Blm.,    397. 

polyanthum   Korth.,    397. 
Crotalaria  Dill.,   373. 

retusa   Linn..   378, 


602 


Index 


Croton    Linn.,    381. 

argyratus   Blni.,    381. 

caudatus    Geisel.,    381. 

heterocarpus   Muell.-Arg..    382. 

tiglium   Linn.,  382. 
Cryptocarya   R.    Br.,    370. 

palawanensis  Merr.,    370. 

sp.,   370. 
Cucurbitaceae,    425,    495. 
C'ulex,   2,  3,   39,   65,   78,   93-95. 

acgypii    Linn.,    9. 

ealopiis,   9. 

fasciatvs,    9. 

fnti(ia^^s  Wied 
H4,    68,    127. 

pipiens,   34. 

quinquejasciaius  Say, 
38,  40.  41,  61,  63, 
77,   79-84,   90-92,   109,    121,    124-127 

fitimulans  Walk.,    34. 

far  salts   Coq.,    34. 
Culicelsa   annulirostris    Skuse,    37,    38. 

vignlas  Skuse,  37. 
Curanga   Juss.,   418. 

amara   Juss.,    418. 

t'el-tem-ae    ( Lour. ) 
Cyanthula  Lour.,    366 


5.   31.    35.   38.    40,   51.    52, 


5,    31.    33,    34, 

64,    67-72,    74, 
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478. 
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lancil'olia    Merr.    var.    stenophylla    Merr.. 
478. 

prostrata     (Linn.)     Blm.,    366. 
Cyclostetnon  littoralis  C.    B.   Rob..   380. 
Cylindromyiini,   538. 
Cymbidium   Sw.,    360. 

aloifolium    Sw.,   360. 

(inlaysonianum   Lindl.,   360. 

sp.,    360. 
Cynometra   Linn.,   372. 

bijuga   Spanog.    var.    mimosoide?    (Wall.) 
Merr.,   372. 

raniiflora  Linn.,    372. 
Cyperacea?.    350. 
Cyperus    Linn.,    350. 

diffusus   Vahl,    350. 

distans    Linn,    f.,    360. 

pubisquamus   Steud.,    350. 

pvbisquamis  macrostachyus   Boeck.,    350. 
Cystometopia    T.    T.,    531. 
Cyfhna.   443. 

glabra    Hpt.,    440, 
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Dalbergia    Linn,    L,    374. 

candenatensis    (Dennst.)    Prain,    374. 

Dangue,    7. 
Daphniphyllum    Kurz,    381. 

bancanum    Kurz,    381. 

laurinum    Baill.,   381. 
Daradax   nasutus   Mel,,   432. 

nebulosus    Hpt.,    432. 
Dasymaschalon    Blm.,  369. 

clusifloruni   Merr.,   369. 
Date    fever,    8, 


Decaspermum    Forst.,    406. 
fruticosum    Forst.,    406. 
paniculatum  Kurz,  407. 
Deeringia  R.   Br.,  366. 

polysperma    (Roxb. )    Moq,,    366. 
Dengue,   bibliography,   264. 
clinical  aspects  of,   170, 
distribution    of,    25, 

epidemiology    of,     in     the    Philippine     Is- 
lands,   127. 
history    of,    6. 
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origin   of,    16, 
l)revention   of,   256. 
specific   etiology   of,    158. 
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Derris   Lour.,    374. 

trifoliata    Lour.,   374. 
I  Desmodium    Desv.,    374. 
;  heterocarpum    (Linn.)    DC,   374. 

i  umbellatum    (Linn.)    DC.   374. 

;  Dcsvoidea    obUirbavs,    31. 
'(  Dlalnm,   344. 
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I  elegantulus  Elliott,  525. 
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Icucodontus    Schlett,    526.    527. 
varioolor    Elliott.    526. 
Dibuninae  Roewer,   546. 
i  Dibunus    Loman,    550.    553. 
:  Roevs'er,    553, 

I  longipalpis    Roewer,    553, 

pseudobiantes   Loman,    553. 
pseudohianteg  Roewer,   553. 
I  similis    Roewer,    546.    553,    554. 

I  Dicotyledoneae,    361. 
I   Diet ijomoo'pha   elongata   Mel,,    431. 
hectica    Hpt,,   431. 
Dictyophara   javana   Leth,.    432, 

pallida  Don,   432. 
Dictyopharini  Stal,  431. 
Dillenia  suffniticosa    (Griff.)    Mart,,   396. 
Dilleniaceae,    395. 
Dinga,    7. 
Diospyros  Linn.,   411,   483. 

fasciculiflora    Merr..    344,    411. 
maritima  Blm.,    411. 
tenuipes  Merr.,   483. 
j  sp.,    411. 

I  Dipterocarpacese,   398. 
'    Dipterocarpus   Gaertn.   f,,   398. 

caudatus    Foxw.,    399. 
]  caudiferus   Merr..   346,   398. 

j  lasiopodus  Perk.,   400. 

retusus   Blm.,   399. 
;  woodii   Merr..   346,   399. 

i  Dischidia  R.   Br.,   413. 
!  hirsuta    (Blm.)    Decne..   413. 
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Discocalyx    Mez,    410. 

merrillii  Elm.,    410. 

palawanensis   Elm.,    410. 
EK>cionaea    Linn.,    389. 

viscosa     (Linn.)     Jacq..    389. 
Dolichandrone   Fenzl,    418. 

spathacea    (Linn,    f . )     K.    Schum..   418. 
Dolichos   Linn.,   375. 

lablab   Linn.,    375. 

maritimus   Aubl.,    375. 
Donax    Lour.,    358, 

cannaeformis      (Foist,     f . )      K.     Schum,, 
358. 
Doros    Meig.,    571,    573. 

humeralis    Sack,    571. 
Dry  petes   Vahl,   380. 

cumingii    (Baill.)    Pax    &    Hoffm.,    380. 

littoralis    (C.   B.  Rob.)    Merr..   344.  380. 

sp.,   380. 
Dungra,   8. 
Durio  Adans.,   393. 

acuminatissimus  Merr.,  o46.  393. 

carinatiLs  Mast.,   394. 
Dysophylla   BIm.,    416. 

auricularia    (Linn.)    Blm..   416. 
Dysoxylum    Blm.,    378. 

arborescens    (Blm.)     Miq.,    378. 
Dystheatias  fuscovenosa   Mel..   432. 

puv<;tata  Mel.,   432. 


Ebenacei?,  410,  483. 
Elaeocarpaceae,  391. 
Elaeocarpus   Linn.,  391. 

cumingii    Turcz.,    344,    391. 

elm^ri   A.    DC,   392. 

versicolor  Elm.,   391. 

sp.,    392. 
Elicaini    Mel.,    434. 

ELLIOTT,     E.     A.,     New    Stephanidje     from. 
Borneo  and  the  Philippine  Islands,  517. 
Embelia   Burm.   f.,   410. 

philippinensis   A.   DC,   344,   410. 
Emilia    Cass.,    427. 

sonchifolia    (Linn.)    DC.    427. 
Entada   Adans.,    372. 

phaseoloides    (Linn.)    Merr.,    372. 
Eoacemyia    T.    T.,    529, 

bakeri  T.  T.,   529,  531. 
Eocypterula   T.   T.,    540. 

atra  T.   T.,   540,   541. 
Eomintho  T.   T.,   531. 

equatorialis  T.  T.,  5?,!.  533. 
Eomyocera   T.   T.,   537. 

carinata  T.  T.,  537,  538. 
Eoptilodexia  T.  T.,   535. 

longipes  T.  T.,   535,  536, 
Eozenillia  T.  T.,  542. 

equatorialis  T.  T.,  51l',  543. 
Epidemic    eruptive   fever,    8. 

inflammatory  fever,    8. 
Epipremnum,   353. 


;  Epiptyxis  plagiata  Hpt..  434, 
'■  serrata  Hpt.,   434. 

i  Erecananinae  Roewer.   545. 
'  Eria  Lindl.,  360. 

floribunda   Lindl.,    360. 
fusca  Blm.    ?,    360. 
j  Ericaceae,   409. 
I   Erigeron  Linn.,    426. 
I  linifolius  Willd.,  426. 

sumatrensis   Retz.,    426. 
Eriocaulon    Linn..    354. 

longifolium    Nees,   354. 
Eriocaulonacea?,    354. 
Eristalis    Latr..    578,    579. 
agyrus    Walk.,    578,   585. 
alMtibiis   Sack,    578. 
arvorum    F.,    579. 
babytace    Walk.,    579.    581. 
bidentata   Sack,   579. 
cingulata  Sack,   581. 
collaris   Meij.,   581,   582. 
flava  Sack,   582. 
maculipennis    Meij.,    583. 
obliterans   Walk.,    579. 
obscuritarsis    Meij.,    584. 
plistoanax   Walk.,   581,    584. 
quadristriata   Macq.,    584. 
i  quinquestriata   F.,   584. 

I  semisplendens   Sack,   584. 

!  splevdens    Le   Guill.,    585. 

i  suavissima    Walk.,    585. 

I  tenax   Linn.,    581. 

tristriata    Meij..    586. 
velutina  Sack,  586. 
Eruptive    or    exanthematous    articular    fever, 
8. 
rheumatic   fever,   <s. 
Erycibe  Roxb.,  413. 

rheedii   Blm.,   413. 
Escherichia    coli,    71. 
Eubengalia  T.  T.,  529. 
Eugenia    Micheli,   407. 
alcinae    Merr.,    407. 
halophila    Merr.    ?,    407. 
incarnata  Elm.,   407. 
mindorensis    C    B.    Rob.,    407. 
operculata   Roxb.,   407. 
sp..    407. 
Eulophia    R.    Br.,    360. 

squalida  Lindl.,   360. 
Eumerus   Meig.,    589. 

argentipes  Walk.,   589. 
aurifrons    Wied.,    589. 
flavicinctus    Meij.,    589. 
niveipes    Meij.,    590. 
Euphorbia  Linn.,   387. 
atoto   Forst   f.,    387. 
hirta  Linn.,   387. 
Euphorbiaceae,    379. 
Euphoria    Comm.,    388. 
gracilis  Radlk.,   388. 
sp.  nov.   Radlk.,   388. 
Eupododexia   diaphana   Villeneuve,    .529. 
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Eurycoma    Jack,    376. 

longi folia  Jack,   376. 
Euthemis   Jack,    397. 

leucocarpa  Jack,   345,  397. 
Evodia    Forst.,    376. 

bintoco    BIco.,    376. 
Exanthematous    rheumatic    fever,    8. 
Exanthesis   arthrosia,   8. 

rosalia,    8. 
Excoecaria   Linn.,    387. 

agaZlocha  Linn.,    387. 

raacrophylla   J.    J.    Sm.    ?,   387. 

sp.,     387. 

F 

Fagacese,    362,    476. 
Fagraea   Thunb.,    411. 

spicata  Baker,    345,    411. 
FELICIANO,   R.   T.,   Illicit  beverages,    465. 
Ficus  Tournef.,  364. 

fistulosa  Reinv^.,   364. 

hauili   Blco.,    365. 

leucantatoma   Poir.,    365. 

palawanensis  Merr.,  364. 

repandifolia   Elm.,    364. 

retusa    Linn.,    365. 

rubrovenia  Merr.,   364. 

septica  Burm.    f.,    365. 
Fievre    courbaturale.    8. 

rouge,    7. 
Fimbristylis    Vahl,    351. 

annua     (All.)     R.    &    S.,    351. 
Fishes,   two   new,   from   Lake   Lanao,    499. 
FJacourtia   L'Herit.,   401, 

rukam   Zoll.   &  Mor..   401. 
Flacourtiaceae.    400. 
Flagellaria    Linn.,    354. 

indica    Linn.,    354. 
Flagellariaceae,    354. 
Flata    floccosa    Guer.,    439. 

subguttata   Stal,    439. 
Flatinae    Spin.,    438. 
Flatini    Spin.,   439. 
Foenatopus  flavifrons  Elliott,  525. 

rugiceps   Elliott,    525. 
Forrestia  A.  Rich.,  354. 

laxiflora  Merr.,  346.  354. 
Fulgora,    432. 

europaea  Linn.,    432. 
Fulgoridae,    431. 


Gaertnera    Lam.,    425. 

vaginans    (DC.)    Merr.,    845,    425. 
Gagrella  bakeri  Roewer,   546.   557. 

fuscipes    Roewer,    557. 

gilva    Roewer,    546,    556. 
Gagrellinae    Thorell,    546. 
Galearia   Zoll.   &   Mor.,    384. 

dolichobotrys   Merr.,   346,   384. 

phlebocarpa  Miq.,   385. 
Garcinia  Linn.,  398. 

benthami    Pierre.    398. 

sp.,    398. 


Gardenia  Ellis,   421,   489. 
merrillii   Elm.,    421. 
ramosii  Merr.,  489. 
whitfordii   Elm.,    491. 
Garumna    lepida    Mel.,    433. 
Geodorum    Jacks.,    360. 

nutJins     (Presl)    Ames,    360. 
Germariini,    544. 
Gigamyia   Macq.,    538. 
Ginalloa   Korth.,    477. 

cwmingiana    F.-Vill.,    478. 
lanccolata    C.    B.    Rob.,    478. 
platyphylla   Merr.,    477. 
Glaurocarini,    529. 
Globba   Linn.,    357. 

sp.,    357. 
Globigerina,   509. 
Glochidion   Forst.,    379. 

kollmannianum    (Muoll.-Arg. )    J.    J.    Sm., 

379. 
littorale   Blm.,    380. 
rubrum    Blm.    var.     ?,    380. 
rubrum  Blm.   var.   longistyluni,   380. 
Glyptopetalum   Thw.,   481. 

acuminatissimum    Merr..    481. 
euphlebiuvt    Merr.,    482. 
marivelense   Merr.,    482. 
Gmelina    Linn.,    415. 

elliptica   Sm.,    415. 
Gomphrena   Linn.,   367. 
globosa   Linn.,   367. 
Goniothalamus    Hook.    f.    &    Thorns..    869. 

sp.,   369. 
Gonystylaceae,    392. 
Gonystylus   Teysm.    &    Binn..    392. 
bavcnnus    Miq..    392. 
.sp.,    392. 
Goodeniacea?,    426. 
Graminese,    348. 
Graptomyza    Wied.,    577. 
flavipes   Meij.,    577. 
I  literata    O.    S.,    578. 

microdon    O.    S.,   578. 
Grewia   Linn.,   392. 

acuminata    Juss.,    392. 
(intideswaefolia    King,    392. 
stylocarpa      Warb.       var.       longipetiolata 
Merr.,  392. 
Guettarda   Linn.,    422. 

speciosa    Linn.,    422. 
Guisguis,    482. 
Guttifersp,    397. 
Gymnostylia    minor    Villeneuve.    58H. 
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I  Habenaria   Willd.,   359. 
hystrix    Ames,    359. 
'   n acmani oeba   denpiAri,    51.    52. 
!   HALL,    MILTON    W..    sec    Silk'J.    Hall,    and 

j  HiTCHENS. 

I  Hallieracantha   Stapf,    486. 

undulata  Merr.,  486. 
'   HAUPT,    H.,    Beitrag   zur    Kenntnis    der    Ho- 
mopterenfauna   der    Philippinen,   431. 


Index 


605 


Hedyotis    Linn.,    419. 

radicans    (DC.)    Miq.,    419. 
HelminthoBtachys   Kaulf.,   347. 

zeylanica    (Linn.)    Hook.,    347. 
Hemigraphis    Nees,    418,    488. 

cUternata   T.    Anders.,    419. 

cumingiana    (Nees)     F.-Vill.,    418. 

longipetiolata  Merr.,  488. 

rapifera   Hallier    f.,    488,    489. 

rivularis  Merr.,  488. 
Hemisphaerini,    434. 
Hemisphaerius    chlorophanus   Mel.,    435. 

coccinelloides   Bumi.,    435. 

sexvittatus   Stal,    434. 

tristis   St41,    434. 
variegatiis    Stal,    434, 
Heritiera  Dryand.,   395. 

littoralis  Dryand.,  395. 
Hernandia   Plum.,  370. 

ovigera    Linn.,    370. 

peltata   Meisn.,    370. 
Hernandiacea?,    370. 
HERRE,     ALBERT     W.     C.     T.,     Two     new 

fishes  from  Lake  Lanao,  499. 
Heterometopia  rufipalpis  Macq.,  531. 
Hibiscus   Linn.,   393. 

tiliaceus   Linn.,    393. 
Hillia  Jacq.,  494. 
Hippocrateaceaj,   388. 
KITCHENS,  A.   PARKER.   Her  Siler,    Hall, 

and  Kitchens. 
Homalanthus  Juss.,  387. 

populneus     (Geisel. )     Pax,    387. 
Homalium   Jacq.,   401. 

foetidum    (Wall.)    Benth.,    345,    401. 
Komalomena    Schott,    353. 

sagittifolia   Jungh.,    353. 
Homa   mguu,    8. 

Homopteren   der   Philippinen,    431. 
Homotrixodes  T.  T.,  629. 
Huechys  spp.,   431. 
Hydnocarpus  Gaertn.,   402. 

cuciirbitina   King,    403. 

yatesii  Merr.,   346,  402. 
Hydnophytum  Jack,    425. 

formicarium  Jack,   425. 
Hypobathrum  Blm.,   490. 

brevipes   Koord.    &   Val..    490. 

coriaceum  Merr.,  490. 

ulomeratum   K.    Schum.,    490. 
Hypolytrum    Rich.,    350. 

compactum   Nees,   350. 

latifolium   L.    C,    Rich..    350. 
Hyptis    Jacq.,    416. 

brevipes    Poir.,   416. 
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Ibaioniina    Roewer,    545. 

Illicit  beverages,    465. 

Infectious   jaundice,  248. 

Inflammatory  fever  with  gastric  irritation.   S. 

Ivocpramns  sp.,   510. 


Ipomoea    Linn.,    413. 

digitata   Linn.,    414. 
i  gracilis   R.    Br.,  413. 

paniculata  R.  Br.,  414. 
Ischaemum    Linn.,    348. 

aristatum   Linn.,    348. 
Ischiodon    Sack,    571. 

scutellaris    F.,    571. 
Issina;   Spin.,    434. 
Issini,    435. 
Ixora    Linn.,    422. 

hartlingii  Elm.,   423. 

grandifolia  Zoll.  &  Mor,.   422. 

javanica    (Blm.)    DC,   422. 

palawanensis    Merr.,    422. 

paludosa     (Blm.)     Boerl.,    422. 

philippinensis    Merr.,    422. 

rivalis   Val.,   423. 

tenelliflora   Merr..   846.  423. 

sp..    423. 

J 

Jatropha    Linn.,    384. 

curcas  Linn.,  384. 
Jesuimyia  T.  T.,  541. 
.Jussiaea   Linn.,    409. 

erecta   Linn.,    409. 

suffruticosa   Linn.,  409. 
Justicia    Linn.,    419,    493. 

gendarussa    Burm.    f..    419. 

K 

Kamangi,    416. 
Kasusu,   364. 
Kibara   Endl.,    370. 

cuspidata  Blm.,   370. 

motley i   Perk.,    370. 
Kindinga   peop,   8. 
Kleinhofia    Linn.,    394. 

hospita  Linn..  394. 
Knema   Lour.,    369. 

glomerata     (Blco. )     Merr..    369. 
Knieubel,    8. 
Knockelkoorts,    7. 
Koonij)assia,   344. 
Koordersiodendron ,   3  11. 
Kopsia    Blm.,    412. 

flavida   Blm.,    412. 
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tiliifolius    (Blm.)    Muell.-Arg..    383. 
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affinis  King,  345,  425. 
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semperi   O.    S.,   590. 
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verticillata  Blm..   425. 
Palaquium,    344. 
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Palmse,  352. 

Palpatores  Thorell,  540. 
Palpostoma  desvoidyi  Aldrich,  533. 
Palpostomatini,   533. 
Pandanaceae,   348,   476. 
Pandanus  Linn.,  476. 
Rumph.,  348. 

basilocularis   Mart.,   345,    348. 
patelliformis  Merr.,  476. 
tectorius    Soland.,    348. 
Pangium  Reinw.,  400. 
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malabaricum    (Linn.)    Merr.,    349. 
nodosum   Kunth,   349. 
pilipes  Neea   &   Am.,  349. 
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Pappataci   fever,    248. 
Papualthia  Diels,   479. 

boholensis  Merr.,  479. 
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serratus   F.,   564. 
Paranephelium  Blm.,    345,    389. 

nitidum  King,   389. 
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cumingiana   A.   DC,    413. 
Pavetta   Linn.,   422. 

indica  Linn.,    422. 
Pedaliaceae,  418. 
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Pemphis    Forst.,    404. 
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racemosa    (Roxb.)    K.  Schum..   421. 
Phalangiidse  Simon,  546. 
PhalangodidsD   Simon,    545. 
Phalangodinjc  Roewer,  545. 
Phaleria  Jack,  404. 

perrottetiana    (Decne.)    F.-Vill.,    404. 
Philibalonius  Roewer,  547. 

bakeri  Roewer,  545,  547. 
Philippodexia  T.   T.,  533. 

longipes  T.  T.,  533,  634. 
Phrynium  Willd.,   359. 

parviflorum  Roxb.,   359. 
placentarium    (Lour.)    Merr..   359. 
Phrynoini,   542. 
Phyma   guttifascia    Walk.,    440. 
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Pipturus    Wedd.,    365. 
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motley anum  Benth.    ?,   372, 
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Platycheirus   St.  Farg.  &   Serv.,   565 
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conferta    (Korth.)    Merr.,   421. 
Pleomele  Salisb.,  355. 
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bangueyensis  Merr.,   346,   355, 
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Pometia   Forst.,    389, 
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Pongamia  Vent.,  374. 

pinnata    (Linn.)    Merr.,   374. 
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sp.     ?,    368. 
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rhinocerotis  Blxnu,   424. 
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subcucullata  Men-..  492. 

vaginans  DC,  425. 
Pteridophyta,  347. 
Pterocarpus,    344. 
Pterospermum,  344. 
Pycnarrhena   Miers,    867. 

elliptica  Diels,  344,  367. 
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Quamoclit  Moench,  414. 

pennata    (Dear.)    Bojer,   414. 
Quercus  Toumef.,  363,  476. 

boholensis  Merr..  476. 

conocarpa  Oudem.,  363. 

poculiformis   Von   Seem.    ?,   363. 
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Rhodamnia  Jack,    40(5. 
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melegrltoi   Men..    346,   396. 
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dichotoma    (Linn.)    Sm.,   347. 
Schizaeaceas,  347. 
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falcatus   R.   Br„    351. 
Scindapsus  Schott.   353. 
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Simarubacese,  3Tf). 
Smilax    Linn.,    356.  • 

leucophylla   Blm.,    356. 
modesta  A.  DC   356. 
sp.,   356. 
Solanaceae,    416. 
Solanum  Tournef.,  417. 

cyanocarphium  Blm.,  417. 
sarmentosum  Nees,  417. 
sparsiflorum  Elm.,  417, 
torvum     Sw.,     417. 
verbascifolium  Linn.,  417. 
Sonneratia  Linn,   f.,  405. 
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Sonneratiaceae,  405. 
Sophora  Linn.,    373. 

tomentosa   Linn.,    373. 
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amara   Lam..  376. 
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Spatholobus   Hassk.,    375. 

gyrocarpus     (Wall.)     Benth.,    375. 
Sphegina  Meig.,   576. 

orientalis    Kertesz.    576. 
Spirillum  cholerse,   45. 
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sulcatus   Elliott.    521. 
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castroi    Merr.,    346.    395. 
jagori  Warb.,  394. 
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stipiilata   Korth.,    394. 
trichopetiolafa  Merr,.   394. 
SterculiacesB,  394. 
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boholensis    Merr.,    487. 
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Strophanthus  DC,  484. 
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letei    Merr.,    484. 
Sturmiini,  542. 
Sulitia,    Merr.,    475,   494. 
longiflora  Merr.,  494. 
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